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ABSTRACT
The following studies were designed to determine whether zinc 
deficiency, either prenatal or postnatal, could influence the time 
course of development of long-term memory in rats. Three nutritional 
conditions were imposed on litters of rat pups. One group (zinc 
deficient-ZD) was subjected to a zinc-deficient diet and deionized 
water. Members of a second group (pair fed-PF) were allowed to eat as 
much of the zinc-deficient diet as a certain member of the ZD group con­
sumed on the previous day, along with zinc-supplemented water. This PF 
group was starved, since zinc deficiency typically causes anorexia.
The third group (ad libitum-AL) was allowed ad libitum access to the 
same diet and zinc-supplemented water. In the prenatal deficiency 
study, these conditions were imposed on pregnant dams from Day 13 to 
Day 21 of gestation. To produce postnatal deficiency, the conditions 
were instituted on dams the first postnatal day and continued until 
weaning, 21 days after delivery. At all other times, ad libitum access 
to standard Purina Laboratory Rat Chow and tap water was provided.
The behavioral task consisted of a classical conditioned fear 
training phase (pairing of a tone with footshock) followed 42 days 
later by a test for suppression of an independently established operant 
response (bar pressing for food reward) upon presentation of the condi­
tioned stimulus (CS). Suppression of the operant, in this paradigm, 
reflected long-term memory of the CS. The sequence of events was
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identical for each However, fear conditioning was initiated at four 
different ages: Day 11 (Dll), Day 14 (D14), Day 17 (D17), or Day 20 
(D20) of life.
Previous investigators (Coulter, Collier, & Campbell, 1976) 
using only the equivalent of the present AL group found no suppression 
of the operant response in the two youngest groups (Dll and D14) and 
significant suppression in the two older groups (D17 and D20). They 
interpreted this as indicating a capacity for long-term memory which 
normally develops very close to Day 16 of life in rat pups. It was pro­
posed, in this study, that the ZD and PF groups would show some retarda­
tion in the development of long-term memory. The AL groups would be 
expected to replicate the findings of Coulter, Collier, and Campbell 
(1976). The ZD and PF groups might not show suppression in the D17 
group and possibly not in the D20 group. Differences in results between 
the ZD and PF groups would reflect specific (zinc deficiency) as opposed 
to general (undernutrition) dietary effects.
The prenatal deficiency produced no significant overall group 
differences in suppression. Imposition of the nutritional conditions 
from Day 13 to Day 21 of gestation apparently did not alter the develop­
ment of long-term memory in the pups. In contrast, postnatal deficiency 
did produce significant overall group differences in suppression in the 
D17 group. ZD animals showed significantly less suppression than PF or 
AL animals in that group, indicating a disruption of long-term memory in 
the ZD animals. No sex differences were found for this effect. All 
postnatal D20 groups showed similar suppression, indicating that the 
effect of postnatal zinc deficiency on long-term memory development in 
the rat is a delay rather than a permanent deficit.
x
CHAPTER I
INTRODUCTION AND REVIEW OF LITERATURE
The concept of malnutrition is a vague one, encompassing many 
combinations of calorie, protein, vitamin, and mineral deficiencies. 
Consequently, studies of malnutrition as a broad category of disease 
have not been consistently in agreement on questions of whether perma­
nent or significant damage occurs in malnourished infants. One approach 
to this problem of discrepant results is to test separately the effects 
of specific deficits in the diet.
In this study, the question of whether zinc deficiency would 
have adverse effects on the development of long-term memory (LTM) in the 
rat was addressed. A previous study (Coulter, Collier, & Campbell,
1976) had shown that, under normal conditions, the capacity for LTM in 
the rat pup appears very near Day 16 of life. To determine the effects 
of abnormal feeding, groups of zinc deficient pups and groups of pups 
from a necessary concommitant starvation condition, as well as groups of 
normally fed pups, were tested for LTM. Prenatal and postnatal defi­
ciency conditions were separately tested, since no previous research 
indicated which would be appropriate. These conditions are fully 
described in the Subjects section of Chapter II (page 41).
It was expected that conditions of zinc deficiency and starva­
tion may result in a delay of LTM development. For example, if
1
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normally-fed rat pups experienced classical conditioning at the age of 
17 days, they would be expected to remember that training when tested 
later, based upon Coulter et al. (1976). Zinc deficient or starved pups 
undergoing the same procedure may not be able to recall the training.
The deficiencies in their diet may interfere with development of neces­
sary neural structures (Buell, Fosmire, & Sandstead, 1976; Fosmire, 
Al-Ubaidi, & Sandstead, 1975; Smart, Dobbing, Adlard, Lynch, & Sands, 
1973).
Relevant literature is reviewed in this chapter, followed by a 
statement of the research hypothesis.
Zinc and Zinc Deficiency
In a comprehensive review of zinc research, Underwood (1971) 
traced the establishment of zinc as an essential trace mineral in plants 
back to a study of bread mold (Aspergillus niger) by Raulin in 1869. 
Sommer and Lipman (1926) and Sommer (1928) demonstrated the essentiality 
of zinc in higher forms of plant life and concluded that this trace min­
eral was probably essential to the entire plant kingdom.
In 1919, Birckner had begun to investigate the role of zinc in 
diets of higher animals (Underwood, 1971). For a period of 15 years 
this research proceeded, hampered by problems with diet purification. 
Attempts to produce zinc deficiency were confounded by concurrent 
removal of vitamins. Todd, Elvehjem, and Hart (1934) were able to pro­
duce the first indisputable zinc deficiency in rats. Their results 
indicated three zinc deficiency-related conditions. There was an 
impairment in the growth of pups, as well as a loss of hair. Both of
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these conditions were rectifiable by the administration of zinc salts. 
They also reported lower maximal weights in the zinc deficient animals, 
even after a recovery period on normal diet.
In contrast to more recent studies, Todd et al. (1934) did not 
report any form of anorexia as a zinc deficiency related condition. 
Virtually all subsequent investigators observed anorexia as a concomi­
tant of zinc deficiency (Mills, Quarterman, Chesters, Williams, & Dal- 
garno, 1969; Prasad, 1969; Underwood, 1971). Chesters and Quarterman 
(1970) quantified the relationship between loss of appetite and failure 
to grow. They found that the voluntary food intake of zinc deficient 
animals was 70% that of controls. This reduced intake followed a cyclic 
day-to-day pattern, which had been noticed by Todd et al. (1934). 
Chesters and Quarterman hypothesized that the cyclic nature of food 
intake in zinc deficient animals was regulated by the rise and fall in 
concentration of certain metabolites. They proposed that after a period 
of elevated food intake in zinc deficient animals, metabolites accumu­
late and inhibit appetite.
Anorexia in zinc deficient animals is not a simple loss of appe­
tite. Chesters and Quarterman (1970) force-fed a normal intake level of 
zinc deficient diet to zinc deficient animals. This procedure resulted 
in the animals showing signs of severe disorder within three days. They 
were lethargic, uncoordinated, bloated, and had diarrhea. Continuation 
of the force feeding resulted in death. Chesters and Quarterman (1970) 
concluded that zinc deficiency results in metabolic dysfunction(s) 
which, in turn, result in loss of appetite. It seems likely that the
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diet used by Todd et al. (1934) contained enough zinc to preclude the 
development of anorexia.
In female rats Hurley and Swenerton (1966) reported that severe 
zinc deficiency can result in continuous anestrus. In light of this 
finding, many studies have been done on the role of zinc in gestation 
and parturition. Apgar (1968, 1970, 1972) found that the female rat's 
bodily stores of zinc are not sufficient to withstand the stresses of 
pregnancy. In pregnant dams who had been deprived of zinc throughout 
gestation, there was increased incidence of resorption of the fetuses, 
lower weight gain of dams during gestation, smaller birthweight of 
fetuses, higher fetal mortality, and smaller litter sizes. The dams 
also had a difficult parturition. They would deliver pups for longer 
time periods than the normal two hours, have excessive bleeding, fail to 
consume afterbirths, and fail to gather the pups together. These 
effects were not seen in pair fed dams, indicating that it was the zinc 
deficiency rather than the general malnourishment that was responsible 
for the difficulties. Apgar (1977) has compared two strains of rats 
(Sprague-Dawley and Long-Evans) and found no significant differences 
between them in the effects described above.
In one study, rats were fed zinc deficient diet during gestation 
and were provided with several levels of supplementary zinc (from 1 to 
25 ppm) in their drinking water (Greeley, Fosmire, & Sandstead, 1976). 
Weight gains in the dams, as well as growth depression in the pups, were 
found to correlate with the level of zinc provided. The most severely 
deprived dams gained the least weight and gave birth to the lightest
pups.
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Within the 21 day gestation of the rat, certain time periods are 
more vulnerable to stress (Dobbing, 1968a, 1968b; Dobbing & Smart, 1974). 
These are critical periods during embryonic development when the fetus 
is particularly susceptible to stress. Pryor (1975) has summarized the 
components of a critical period. Most occur prenatally or soon after 
birth. They are brief time periods during which stimulation or adverse 
insults can have long-lasting effects. The same stimulus or insult at 
some other time would have little effect on the organism. In attempting 
to locate critical periods in rat gestation, investigators have imposed 
their manipulations during different portions of the gestation period. 
Hurley and Mutch (1973) imposed zinc deficiency on pregnant dams from 
Day 6 to Day 14 of gestation (the second trimester). They found a 
13-35% rate of stillbirths in the zinc deficient litters, contrasted 
with no stillbirths in pair fed and ad lib groups. There was an 80% 
malformation rate in zinc deficient pups, as opposed to 0% in pair fed 
and ad lib groups. The following conditions were noted: cleft palate, 
club foot, anophthalmia, hydrocephalus, anencephalus, syndactly, hydro­
ureter, and hydronephrosis. There was also a higher than normal rate of 
pup mortality in the first few days postpartum. Hurley and Mutch 
attributed these effects to the fact that organogenesis is proceeding in 
the rat from Day 8-14 of gestation.
Dobbing (1974) stated that the rat fetus is susceptible to mater­
nal protein deficiency during the third trimester of gestation, the 
period of rapid neuronal multiplication in the rat. Dobbing*s statement 
is consistent with the findings of Cox, Chu, and Schlicker (1969), who 
determined that zinc deficiency throughout gestation resulted in more
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damage by Day 22 of gestation than by Day 16. They found that the 
weight gains of the dams were similar until Day 14. More damage occur­
red in the last trimester, which is the period of maximal zinc accumula­
tion in the rat fetus (McKenzie, Fosmire, & Sandstead, 1975). Hurley 
and Shrader (1972) summarized the results of some transitory zinc defi­
ciencies during gestation in the rat. Their findings are presented in 
Table 1.
Table 1
Effect of Short-Term and Transitory Zinc 





Deficiency resorbed Number Weight Malformed
(Days of Gestation) (%) per Litter (gm) (%)
None (Control) 4.3 11.7 5.2 0.6
0-6 5.9 11.4 5.1 1.2
0-8 5.5 11.9 5.0 1.9
0-10 25.0 7.8 4.8 22.0
0-12 49.0 6.5 4.1 56.0
0-14 55.0 5.2 3.6 76.0
0-16 57.0 5.1 3.6 80.0
0-18 52.0 5.6 3.4 82.0
0-21 41.0 6.7 2.7 90.0
4-10 9.5 10.5 5.1 10.0
6-10 1.6 12.0 5.0 8.0
4-12 12.0 9.6 4.5 29.0
6-12 24.0 8.6 4.8 18.0
8-12 37.0 7.7 5.0 9.0
4-14 24.0 8.6 4.2 73.0
6-14 5.6 11.6 4.4 46.0
8-14 27.0 9.1 4.9 22.0
Note. Adapted from Hurley and Shrader, 1972.
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The particular malformations that occur in rat fetuses whose 
mothers have been zinc-deprived during the gestation period have been 
reviewed (Hurley & Swenerton, 1966; The Nutrition Foundation, Inc., 
1967). The pups exhibit such things as malformed heads, club feet, 
fused or missing digits, curvature of the spine, hydrocephalus, and 
defects of the tail in higher than normal incidence. The teratogenic 
properties of prenatal zinc deficiency were also documented by Diamond 
and Hurley (1970). They found tissue defects, stunting due to decreased 
cell numbers, and mucosal lesions of the esophagus, tongue, pharynx, and 
forestomach in the offspring of zinc deficient mothers. They noted that 
the esophageal lesions were present in every case and therefore could 
serve as indicators of zinc deficiency.
The postnatal suckling period is another critical period in rat 
development. Impaired growth, shortened and thickened long bones, low­
ered blood plasma zinc levels, decreased brain size, impaired DNA and 
protein synthesis in brain, liver, and other tissues, and increased mor­
tality rates were among the effects described when zinc deficiency condi 
tions occur from birth to weaning (Mutch & Hurley, 1974; O'Dell &
Savage, 1957; Sandstead, Fosmire, McKenzie, & Halas, 1975; Sandstead, 
Gillespie, & Brady, 1972). The nursing dams subjected to zinc defi­
ciency exhibit decreased blood plasma zinc levels, impaired milk produc­
tion, and low zinc content in the milk produced (Mutch & Hurley, 1974).
The list of conditions associated with inadequate dietary zinc 
in weaning or older rats has been expanding. Swenerton and Hurley 
(1968) and Undewood (1971) have catalogued these disorders and their 
combined findings are presented in Table 2.
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Table 2
Disorders Associated with Zinc Deficiency 
in Weanling or Older Rats
Reduced food intake 
Impaired utilization of food 
Growth retardation
Parakeratosis (Abnormality in horny layer of skin)
Dermal Lesions 
Alopecia
Edema of eyes, mouth and feet 
Bone disorders 
Hypogonadism in males
Disruption of estrous cycle in females 
Slowed would healing
Note. Adapted from Sandstead, Lanier, Shepard, & Gillespie, 1970; Swen- 
erton & Hurley, 1968; Underwood, 1971.
Attempts to determine minimum requirements for zinc have been 
complicated because several factors can affect the requirement. The age 
of the animal, reproductive activities, temperature (due to perspiration 
loss), parasites (due to blood loss), and the composition of the rest of 
the diet all. can affect the amount of zinc the organism will need (Under­
wood, 1971). This indicates the range of studies that are needed to 
determine the minimum requirements for different species under a variety 
of conditions. Underwood (1971) stated that adult rats not engaged in
9
reproduction are able to grow normally on a diet containing 12-18 ppm 
zinc.
Species other than the laboratory rat have also been studied. 
Tucker and Salmon (1955) found that the administration of zinc would 
cure parakeratosis in swine. They referred to the skin disorder as 
"zinc deficiency disease". Some minimal amount of zinc in the diet 
appeared to be necessary to prevent development of this condition.
There have been a variety of studies to determine zinc requirements of 
swine under different circumstances (Liptrap, Miller, Ullrey, Whiteneck, 
Schoepke, & Luecke, 1970; Miller, Luecke, Ullrey, Baltzer, Bradley, & 
Hoefer, 1968; Miller, Ullrey, Brent, Bradley, Hoefer, & Luecke, 1966; 
Smith, Plumlee, & Beeson, 1961). Miller et al. (1966) found that male 
piglets required more zinc than female littermates. While the females 
did well on a diet containing 45 ppm zinc, the males showed signifi­
cantly lowered bodily zinc values. Liptrap et al. (1970) showed that 
both boars (intact males) and gilts (females) required more zinc than 
littermate barrows (castrated males).
In a study of bovine maternal-fetal zinc utilization, Hansard, 
Mohammed, and Turner (1968) found that in the pregnant bovine, a diet 
containing 28 ppm zinc is zinc deficient. In calves 7-11 weeks of age, 
a diet containing 3 mg zinc per Kg diet resulted in reduced weight 
gains, swollen feet, dermatitis, and alopecia within three weeks (Ott, 
Smith, Stob, Parker, & Beeson, 1965) .
A diet containing 15 ppm zinc has been shown to be inadequate 
for newly hatched chicks (O'Dell, Newberne, & Savage, 1958). When main­
tained on this diet for a month, the chicks showed signs of zinc
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deficiency. O'Dell et al. (1958) estimated a 35 ppm zinc requirement 
for chicks, based upon their research.
In guinea pigs, a drop in plasma zinc levels was found in all 
groups receiving 20 ppm zinc or less (Alberts, Lang, Reyes, & Briggs, 
1977). Other studies on the mouse (Day & Skidmore, 1947), turkey 
(Kratzer, Vohra, Allfred, & Davis, 1958), and lamb (Ott, Smith, Stob, & 
Beeson, 1964) have all shown susceptibility of these animals to zinc 
deficiency syndromes.
Macapinlac, Barney, Pearson, and Darby (1967) were the first to 
attempt induction of zinc deficiency in a primate. They fed weanling 
male squirrel monkeys a diet containing less than 0.5 ppm zinc. Growth 
failures and hair loss resulted. A zinc supplement of 15 ppm supported 
normal growth. Barney, Macapinlac, Pearson, and Darby (1967) found 
parakeratosis of the tongue of zinc deficient monkeys which was not 
present in controls who were given 15 ppm zinc supplementation. Sand- 
stead, Strobel, Logan, Marks, and Jacob (1978) imposed zinc deficiency 
throughout the third trimester of gestation in Rhesus monkeys and found 
impaired behavioral development as a result.
The first suggestion of zinc deficiency in humans was reported 
from Iran in 1961 (Prasad, Halsted, & Nadimi). Subsequent studies in 
Egypt established the syndrome (Prasad, 1967a, b; Sandstead, Prasad, 
Schulert, Farid, Maile, Bassilly, & Darby, 1967). Other studies showed 
the dwarfism and hypogonadism connected with zinc deficiency also occur­
red in Egyptians without schistosomiasis or hookworm infestation (Prasad, 
Schulert, Miale, Farid, & Sandstead, 1963) which were contributing fac­
tors to the deficiency in the Nile Delta. Prasad has reviewed the
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studies of afflicted Iranian and Egyptian males (Prasad, 1967a, b).
These males exhibited such symptoms as severe iron deficiency anemia, 
short stature, hepatosplenomegaly, low content of zinc in red blood 
cells, plasma, and hair. In both areas, the diet consisted mainly of 
bread prepared from high extraction wheat flour, which is high in phy- 
tate (Davies & Nightingale, 1975; World Health Organization, 1973) and 
dietary fiber (Reinhold, Ismail-Beigi, & Faradji, 1975). Phytate is 
antagonistic to zinc absorption (O'Dell, 1969; Prasad, 1967b). Oberleas, 
Muhrer, and O'Dell (1962) and Oberleas, O'Dell, and Muhrer (1962) found 
that the addition of phytate to the normal diel of a pig would produce 
parakeratosis and retarded growth, which could be reversed by addition 
of zinc to the diet. Lease (1967) found that when zinc-phytate complexes 
form, they are insoluble and nondialyzable, therefore, not available to 
the organism. Other studies (Reinhold et al., 1975) have shown that the 
dietary fiber portion of the bread can also for complexes with zinc 
which are unavailable for absorption.
Treatment with orally administered zinc reversed the symptoms of 
the Egyptian and Iranian males (Carter, Grivetti, Davis, Nasiff, Man- 
sour, Mousa, Atta, Patwardhan, Moneim, Abdou, & Darby, 1969; Ronaghy, 
Spivey Fox, Garn, Israel, Harp, Moe, Petrosian, & Halsted, 1969; Sand- 
stead et al., 1967). Although iron deficiency was present, the zinc sup­
plementation was more effective in treating the condition than was iron 
supplementation or a normal diet. The iron deficiency appears to have 
been an associated abnormality due to blood loss caused by hookworm and/ 
or schistosomiasis and poor iron availability from the diet (Prasad et 
al., 1961; Sandstead et al., 1967).
A question can be raised about these cases of zinc deficiency.
If all children in an area are fed the same diet, why do only a few
12
develop the signs of severe deficiency? All the cases reported in Iran 
and Egypt by Prasad (1967a, b) were male. There is evidence from animal 
studies that growing males have a higher zinc requirement than litter- 
mate females (Liptrap et al., 1970; Miller et al., 1966). However, not 
all of the males in Iran and Egypt show deficiency symptoms. Eminians, 
Reinhold, Kfoury, Amirhakimi, Sharif, and Ziai (1967) studied this ques­
tion in Turkey and suggested that hepatic dysfunction was a precipitating 
factor. Such a chronic systemic illness might put extra stress on these 
individuals. One might expect a spectrum of manifestations, depending on 
the level and availability of dietary zinc and other environmental fac­
tors. The individuals exhibiting dwarfism represent one end of the 
spectrum.
A relatively new area of investigation involves the physiological 
effects of zinc deficiency. Here, as in the zinc requirement studies, 
species differences are important. In the rat, brain maturation is 
mostly completed by Day 20 postnatal. Any increase in brain volume and 
weight beyond that time is due to enlargement of existing neural cells, 
or hypertrophy (Winick, 1970). The rat’s peak period of neuronal multi­
plication is the third trimester of gestation, which is vulnerable to 
external assaults on the mother. In humans, the neuronal growth peak 
occurs during the second trimester, which is more protected from placen­
tal deficiencies (Dobbing, 1974). Any attempt to extrapolate results of 
neural studies on rats to human populations xrould have to include some 
consideration of this basic difference. In neural development, humans 
are more similar to pigs (Dobbing & Path, 1968) and primates (Noback & 
Montagna, 1970). However, these subjects are prohibitively expensive 
and require much more space.
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When postnatal zinc deficiency was imposed on nursing rat pups, 
the zinc deficient pups showed smaller forebrains than either the pair 
fed or ad lib pups (Fosmire et al., 1975). The reduced size was found 
to be due to the number of cells in the forebrain, rather than to their 
size. Postnatal zinc deficiency has also been shown to result in lower 
than normal cerebellar and hippocampal weights (Buell et al., 1976).
In 1966, Theuer and Hoekstra obtained results that suggested a 
defect in nucleoprotein synthesis in the zinc deficient rat. This 
defect in nucleoprotein biosynthesis has been supported (Fosmire, Al- 
Ubaidi, Halas, & Sandstead, 1974; Fosmire et al., 1975). In particular, 
a decrease in deoxyribonucleic acid (DNA) synthesis in zinc deficient 
rats has been found (McKenzie et al., 1975; Mills et al., 1969; Sand- 
stead, Fosmire, McKenzie, & Halas, 1975; Sandstead et al., 1972; Sand- 
stead & Rinaldi, 1969; Williams & Chesters, 1970). Sandstead and 
Rinaldi (1969) hypothesized that the decreased DNA synthesis can be 
related to some deficit in ribonucleic acid (RNA), which mediates the 
synthesis of DNA polymerase and thymidine kinase, both of which are 
involved in DNA synthesis. Decreased RNA polymerase activity has since 
been documented in the postnatally zinc deficient rat (Fosmire et al., 
1974; Terhune & Sandstead, 1972). The exact mechanism of zinc involve­
ment in these processes is not yet known, but investigation is contin­
uing (Hughes, 1972; Phipps, 1976; Williams, 1971) .
It is believed that zinc is involved in several other enzyme 
systems. Prasad, Oberleas, Wolf, and Horowitz (1967) suggested that 
zinc in the testes, bone, esophagus, and kidney probably acts via the 
formation of zinc-dependent enzymes. When zinc deficiency occurs, the 
activities of these enzymes are decreased. In subsequent studies, the 
involvement of zinc in certain metalloenzymes has been shown. Huber and
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Gershoff (1973) found that dietary zinc affected the function of three 
of the four enzymes they studied. Rats four weeks of age were fed zinc 
deficient (1 ppm), zinc adequate (20 ppm), or high zinc (1200 ppm) diets 
for two to four weeks. Carbonic anhydrase activity in stomach and pitu­
itary was decreased by both deficient and high zinc. Lactic dehydro­
genase activity in heart, kidney, and gastrocnemius muscle was inhibited 
by deficient diet and increased by the high zinc diet. Mitochondrial glu­
tamic dehydrogenase was not affected by either the high or low zinc 
diets. Table 3 lists some of the enzymes believed to be zinc-related or 
zinc dependent.
Table 3













Note. Adapted from Prasad, 1967b; Parisi and Vallee, 1969; Slater, 
Mildvan, and Loeb, 1971; Hughes, 1972; Terhune and Sandstead,
1972; and Phipps, 1976.
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In rat pups who are made zinc deficient (0.5 ug/g zinc) from Day 
18 of gestation through the lactation period, a significant decrease in 
2', 3'-cyclic nucleotide 3-phosphohydrolase (CNP) concentration has been 
observed (Prohaska, Luecke, & Jasinski, 1974). The lowered level of 
this particular enzyme implies a delay in myelination. Myelination is 
the development of the myelin sheath, a modified plasma membrane that 
wraps around nerve axons in a spiral fashion and probably acts as an 
insulator (Norton, 1976). It has been shown that the period of active 
myelination is likely to be a vulnerable one for nutritional influences 
(Benton, Moser, Dodge, & Carr, 1966; Chase, Dorsey, & McKhann, 1967; 
Davison and Dobbing, 1966). In these studies, the nutritional influ­
ence was malnourishment. They are discussed in more detail in the 
section on undernutrition.
To determine whether the physical and physiological effects of 
zinc deficiency have corollary effects on behavior, investigators have 
subjected animals to dietary regimes and then tested them in various 
performance tasks. Caldwell and Oberleas (1969) present a good summary 
of behavioral research. They also report their results of protein and 
zinc deficiency studies in which they imposed a mildly zinc deficient 
diet (10-14 ppm zinc) from ten weeks prior to gestation to the end of 
the suckling period. When tested in a Lashley III water maze at age 75 
days, the zinc deficient subjects were clearly inferior to zinc supple­
mented (70 ppm zinc) subjects. ZD animals were significantly inferior 
on a platform avoidance conditioning test as well. Caldwell and Ober­
leas (1969) imposed zinc deficiency for a longer time period than that 
normally used in subsequent studies. In most behavioral studies, the
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nutritional conditions of ZD, PF, and AL are imposed either during the 
third trimester of gestation (prenatally) or from birth to weaning 
(postnatally). Unless otherwise stated, the terms prenatal and post­
natal deficiency will refer to those particular durations.
A more recent review of behavioral studies of zinc deficiency 
was included in a study by Halas, Rowe, Johnson, McKenzie, and Sandstead 
(1976). . They concluded that zinc deficiency conditions during critical 
periods in the development of rat brain produced poorly reversible 
abnormalities which were manifested in behavior, even after a period of 
rehabilitative feeding. Halas et al. (1976) using two-way shuttle 
avoidance with prenatally deprived rats, found that diet did not cause 
differences among groups of females in acquisition of the avoidance 
response at 75 days of age. All groups (ZD, PF, AL) learned to avoid. 
There were significant differences among groups of male rats in the same 
task. ZD males were significantly inferior to PF males in learning the 
task, but not inferior to AL males. AL and PF groups were not different. 
Overall, males did not learn the avoidance response as well as females. 
Halas and Sandstead (1975) obtained similar results, i.e., impaired per­
formance on a behavioral task, with prenatally zinc deficient male rats 
using a two-way active avoidance situation. However, Rowe (1974) found 
no such deficit in female rats xtfho had been prenatally zinc deficient.
In his study, there were no significant group differences in acquisition 
of the Tolman-Honzik maze.
Oberleas, Caldwell, and Prasad (1972) reported that postnatally 
zinc deficient rats were significantly inferior in their performance in 
open field, platform avoidance, and the Lashley III water maze. Lokken,
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Halas, and Sandstead (1973) tested nutritionally rehabilitated rats in a 
Tolman-Honzilc maze and found that the animals who had been zinc defi­
cient postnatally were inferior in performance to both the pair fed and 
ad lib animals.
Sex differences have also been found in the rat's aggressive 
responses after prenatal ZD, PF, or AL conditions. Halas, Hanlon, and 
Sandstead (1975) found that prenatally ZD and PF female rats were sig­
nificantly more aggressive at high (1.6 mA) levels of shock than were AL 
females. At lower levels of shock (1.3 mA), the ZD females were still 
significantly more aggressive. In a later study, prenatally ZD female 
rats were again judged to be more aggressive than PF or AL females at 
both 1.3 and 1.6 mA shock levels (Halas, Reynolds, Rowe, Heinrich, &
Pirc, 1977). Three measures of aggression were used (frequency, dura­
tion, and intensity) and found to be highly correlated. Halas, Reynolds, 
and Sandstead (1977) have demonstrated significantly increased aggres­
siveness in female rats who had been prenatally zinc-deprived xjhich was 
not apparent in similarly treated male littermates. They used shock- 
induced aggression between pairs of same sex animals from the same nutri­
tional group as a measure of aggressiveness. These reactions were sub­
jected to a standard judging procedure (Halas et al., 1977). When tested 
at 75 and 105 days of age, ZD females were significantly more aggressive 
than PF or AL females. For males, there were no significant differences 
at either age.
Peters (1978) has provided evidence for the increased aggressive­
ness of prenatally zinc deprived male rats. A previous study had shown 
that, when a two choice situation exists, rats x/ill choose to affiliate
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with the less aggressive target animal (Taylor, 1976). When Peters com­
pared 105 day old male ZD, PF, and AL animals as targets, he found that 
the ZD rats were most often avoided as social partners. The group of ZD 
animals showed significantly more aggressive behaviors than either PF or 
AL groups when encounters occurred. Peters concluded that these ZD male 
rats were the most aggressive group of males in the study.
In conclusion, zinc has been shown to be a very important trace 
mineral in plant, animal, and human diets. The physical and physiologi­
cal ramifications of zinc deficiency have been reviewed, as well as 
their behavioral consequences. The behavioral studies indicate that the 
effects of ZD on a rat will depend on the sex of the animal, the time 
period during which deprivation occurred, and the particular task used 
to assess differences. In general, ZD animals tend to be impaired or 
aberrant on behavioral tasks.
Undernutrition
Since the PF condition in zinc deficiency studies is one of 
protein-energy undernutrition, it provides data for comparison with lit­
erature on starvation. Typically, undernutrition has little effect on 
the mature brain. Even under severe starvation conditions, the adult 
brain will show strong resistance to changes in weight. This "brain 
sparing" was reported by Dobbing and Path (1968) . They note that this 
effect had been observed early in the twentieth century. As a result of 
this observation, researchers began to neglect the brain in nutritional 
studies, believing that it was unaffected. It has since been determined 
that the brain, like other organs and tissues, has vulnerable periods
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during which it is susceptible to nutritional influences (Barnes, 1967; 
Coursin, 1967; Dobbing, 1968a, b).
Winick (1970) has identified three phases of growth in tissues 
and organs. The first is hyperplasia, which is an increase in cell num­
ber only, with no increase in cell size. The second phase consists of 
hyperplasia with hypertrophy, an increase in both cell number and size. 
The last stage consists of simple hypertrophy, or increase in the size 
of existing cells. The transition from one stage to another is gradual 
(Winick, 1972).
Cell number can be estimated using a technique pioneered by 
Enesco and Lebloixd (1962) . Based upon the fact that the amount of DNA 
per diploid nucleus is a constant (6.2 ug in the rat), total organ DNA 
can then be used to estimate the number of cells present. Using this 
analysis, Winick (1970) has reported that in the rat brain, cell divi­
sion is essentially complete by the 20th postnatal day.
To test whether the period of hyperplasia in rat brain is vul­
nerable to nutritional influences, Winick and Noble (1966) imposed 21 
days of caloric restriction on rat pups, beginning either at birth (Gl), 
at weaning (G2), or at Day 65 of life (G3). They found that cell number 
was decreased only in Gl. This group showed permanent deficits in total 
organ x^eights, protein, RNA, and DNA content. The other groups shoxired 
weight losses, but no decrease in DNA, indicating a reduction in cell 
size only. These animals were able to regain the x^eight when rehabili­
tative feeding vxas instituted. Guthrie and Broxvrn (1968) also found that 
undernutrition from birth to weaning resulted in significant deficits in 
brain size and brain DNA. They found that there x̂ ere no significant
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changes due to further deprivation in the postweaning period. Similar 
results were obtained by Fish and Winick (1969), Kumar (1972), and 
Widdowson (1974).
These results indicate that even though the body has developed 
mechanisms to protect the brain from external influences, there is a 
time when the brain is susceptible also. This susceptible period corre­
lates with the growth spurt that shows up in the development of all mam­
malian brains (Herschkowitz & Rossi, 1972). Although this brain growth 
spurt occurs at different times in different species, it always occurs 
prior to the somatic growth spurt. Dobbing and Path (1968) summarize 
normal brain growth in the rat. They found that the period from birth 
to weaning (Day 21) is very important. Total brain weight (indicator of 
cell size), DNA content (indicator of cell number), and cholesterol con­
tent (indicator of myelination) all peak from Day 5 to Day 17, post­
natal. This relationship is shown in Figure 1.
Culley and Lineburger (1968) restricted the diets of rat pups 
(allowed 2-4 hours daily with mother, enough to gain 0.5 g per day) from 
Day 5, postnatal, to Day 11, Day 17, or Day 60. After rehabilitative 
feeding to Day 110, it was found that none of the pups were able to 
reach normal levels of brain weight, brain protein, or brain lipid con­
tent. The group deprived from Day 5 to Day 11 recovered some brain RNA 
and DNA, but the other two groups made no gains in these substances. It 
is possible that the rat pups deprived until Day 11 were able to par­
tially recover, since they were still in the critical growth period when 
rehabilitative feeding was instituted.
Figure 1. Normal rate of brain growth in rats. Increments of 
fresh weight, DNA, and cholesterol are expressed as 




The prenatal period is also vulnerable to undernutrition. 
Zamenhof, van Marthens, and Margolis (1968) placed female rats on either 
an 8% or 27% protein diet from one month prior to mating through the 
gestation period. They found that the pups born to the mothers on the 
8% protein diet had significantly lower amounts of brain DNA than those 
pups of the 27% protein diet mothers, indicating the presence of fewer 
cells.
Smart et al. (1973) tested both the prenatal and postnatal peri­
ods, along with a combination of the two. They measured forebrain DNA 
content and found that the postnatally underfed pups had a lower DNA 
content than the prenatally underfed (both being significantly below 
normal levels), but that the combination group, being underfed through­
out gestation and the suckling period, had the lowest DNA content.
There was an additive effect. This additive effect also showed up in 
behavioral tasks, with the combination group consistently showing the 
worst performance in maze running, bar pressing, and avoidance learning 
situations.
In a later study, Smart, Tricklebank, Adlard, and Dobbing (1976) 
compared rats who were food deprived from conception to 5 days postnatal 
(fetal-neonatal restriction-FNR) and rats deprived from 5-25 days post­
natal (infantile restriction-IR) to normally fed rats. They noted that 
the FNR rats had a 34% body weight deficit on Day 5. These rats were 
suggested to be a model of human small-for-date babies. The FNR rats 
showed a significant reduction in weight of the cerebellum, midbrain, 
and cerebrum at age 20 weeks. IR rats showed reduced midbrain and cere­
bellar weights at that time. FNR rats were also the most timid in an
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open field and most inhibited by a loud noise. From this study, Smart 
et al. (1976) made the observation that it is unwise to assume that 
human babies are unaffected by intrauterine growth retardation. Dobbing 
(1974) warns against this type of cross-species extrapolation, stressing 
the differences that exist in the neuronal timetables of development of 
different species. Fetal brain browth will have a completely different 
meaning for an organism that is born in an immature stage, such as the 
rat, than for an organism born at some intermediate stage of brain 
growth, such as the human. Dobbing (1974) stated that the condition of 
a rat brain at birth is roughly equivalent to the human brain at 18 
weeks of gestation. The human brain at birth is similar in development 
to the rat brain at 5-7 days, postnatal. In Dobbing's opinion, direct 
comparison of experimental results between these species is not a fea­
sible procedure. In spite of temporal differences, hox^ever, the sched­
ule of neuronal events is controlled by the genes of the organism, and 
genetic expression can be altered by external factors (Herschkowitz & 
Rossi, 1972).
One significant neuronal occurrence is myelination. Species dif­
ferences have been documented in the timetable of this process by Dobbing 
and Path (1968), who used cholesterol estimation as an indicator of 
myelin lipid synthesis. According to this method, myelin formation 
peaks in the guinea pig at birth, in pigs and humans about a week after 
birth, and in rats at about Day 17, postnatal.
Cohen and Guarnieri (1976) used myelin basic protein synthesis 
as an indicator of myelin synthesis in rats, since they have found that 
the two measures correlate precisely. Differences in the initial time
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and in the rate of myelin synthesis for different tissues have been 
found. They are summarized in Figure 2. Norton (1976) found that 
myelin began to form in rat brain at age 10-12 days postnatal. This was 
consistent with the findings of Cohen and Guarnieri.
Undernutrition has been shown to cause a reduction in the lipids 
which comprise myelin (Dobbing, 1964). Investigators disagree as to 
whether it is the time of onset of synthesis (Benton et al., 1966) or 
the maximal rate of synthesis (Chase et al., 1967) of myelin which is 
altered. Later studies indicate that both effects are probably occur­
ring (Krigman & Hogan, 1976; Wiggins, Miller, Benjamin, Krigman, & Mor- 
ell, 1976). Krigman and Hogan (1976) found that after 20 days of under­
nutrition (birth to Day 20), the proportion of myelinated axons was sig­
nificantly reduced in the starved pups (34%) relative to control pups 
(43%). Brain sparing was evident in their results. After 60 days of 
severe undernutrition, there was a 73% reduction in body weight, com­
pared to a 30% reduction in brain weight. However, there was consider­
able damage to the brain. Analysis of brain DNA indicated that prolif­
eration had proceeded to only about 50% of normal levels. Since most 
neurons are already formed by birth in the rat (Davison & Dobbing, 1968) 
Krigman and Hogan believe that this cell deficit probably reflects a 
reduction in glia. Functions of the glia include formation of the 
myelin sheath (Williams & Warwick, 1975). The glia formed in under­
nourished rats are believed to be less abundant (Krigman & Hogan, 1976).
Fewer cells to produce myelin and a lower output of the cells 
present could explain the large deficit in myelin that has been docu­
mented in undernourished rats. Wiggins et al. (1976) included a
Figure 2 Appearance of myelin basic protein in developing rat 
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rehabilitation feeding phase (birth to Day 20 deprivation followed by 6 
days of ad lib feeding). There was no evidence of a process leading to 
the net recovery of myelin, i.e., there was an irreversible deficit in 
myelin resulting from 20 days of nutritional deprivation. The period of 
rapid proliferation of myelinating glia (Days 5-12, postnatal in the 
rat) had been interfered with.
One of the earliest demonstrations of impaired learning ability 
in undernourished rats was that of Cowley and Griesel (1959, 1963).
They fed one group of rats a 12.9% (low) protein diet and another group 
a 20.1% (high) protein diet throughout their lifetime. Although no dif­
ferences showed up in these rats, the males in the first filial genera­
tion of the low-protein animals were inferior in running a maze for food 
reward. Their littermate females were not affected on this task. This 
effect was found by others to carry on into the second generation (Bres- 
ler, Ellison, & Zamenhof, 1975). Female rats who were given a low pro­
tein diet (8%) gave birth to offspring who were fed normally throughout 
their lifetime. When females of this generation were mated to normal 
males, their offspring showed learning deficits in successive reversal 
tasks. The animals exhibiting the deficit had not directly experienced 
any nutritional deprivation. These multigenerational effects of pre­
natal protein undernutrition had been previously demonstrated (Cowley & 
Griesel, 1966; Zamenhof, van Marthens, & Grauel, 1972).
In agreement with Cowley and Griesel (1959, 1963), Barnes, Cun- 
nold, Zimmerman, Simmons, MacLeod, and Krook (1966) also found a learn­
ing deficit in protein-energy malnourished males that did not show up in 
littermate females. They employed a Y water maze with rats deprived
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from birth to 3 weeks, 3 to 8 weeks, or birth to 8 weeks. All males 
showed some retardation in learning the maze, after a period of nutri­
tional rehabilitation. The males deprived from birth to 8 weeks per­
formed the worst.
Unfortunately, there is data on undernutrition in human infants 
as well as laboratory animals (Cabak & Najdanvic, 1965; Joint ARC/MRC 
Committee on Food and Nutrition Research, 1974; Stoch & Smythe, 1968).
Two common infantile conditions are marasmus (due to protein-energy 
deficiency) and kwashiorkor (due primarily to protein deficiency) 
(Monckeberg, 1975). Autopsy results of brains of children who die of 
these types of undernutrition before age two years, when compared with 
autopsy results of children who die of other causes, show that the cell 
number in undernourished brains is reduced (Kaplan, 1972).
The human brain growth spurt begins during the third trimester 
of pregnancy and lasts into the second year of postnatal life (Cobbing, 
1974; Gardner, 1975). It is commonly agreed that interference with brain 
development during the time of rapid cellular proliferation will result 
in irreversible deficits, both physical (in number of cells) and mental 
(in intellective functioning) (Eichenwald & Fry, 1969; Graham, 1967; 
Levitsky & Barnes, 1970; Shneour, 1974; Winick, Rosso, & Brasel, 1972).
Some opposition has been voiced against this viewpoint that per­
manent damage accrues from early undernutrition (Frisch, 1970). There 
are several possible explanations for the discrepant conclusions. A 
lack of adequate controls has been shown to exist in many of the human 
studies (Chase & Martin, 1970; Kaplan, 1972; Warren, 1973) . Many other 
environmental influences can also effect human intellect (Abelson, 1969;
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American Medical Association, 1974; Habicht, 1974; Warren, 1973). It is 
impossible to separate nutritional effects from these environmental 
influences without violating humane ethics. Crnic (1976) proposed that 
since these other variables are produced with and confounded with under­
nutrition, they be considered part of the total situation. To separate 
out components of undernourishment would be to produce artificial situa­
tions. A statement that the results of a study are due to undernutri­
tion plus the environmental changes that accompany it would be suffi­
cient .
It has not been possible to obtain conclusive data on the time 
schedule of neuronal development in human brains. Autopsies of aborted 
fetuses and infant accident victims supply some information on brain 
development (Dobbing, 1974). The normal human critical period of brain 
development (period of rapid proliferation) has not been exactly speci­
fied, however. Different studies cite different time periods as being 
critical. It is understandable, then, that their results would not be 
consistent with each other. It is probably correct that gestation and 
the first two years of life contain the human critical period of brain 
development (Abelson, 1969; Winick & Rosso, 1974). Studies using con­
trols for cultural and economic variables indicate that undernutrition 
during the first year of life results in permanent behavioral, intel­
lectual, and psychological deficiencies, whereas children underfed in 
the second and third years of life were able to recover to normal levels 
(Zimmerman, Geist, & Wise, 1974).
During times of war, famine, and disaster, adult humans have 
been subjected to conditions of starvation. Several of these situations 
have been reported by Keys, Brozek, Henschel, Mickelsen, and Taylor
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(1950). People involved in them behave abnormally. Many acts of vio­
lence, including murder for the purpose of cannibalism, have been 
recorded. However, stress (e.g., cold temperatures, advancing enemy, 
confinement on a life raft) was inherent in all the reported cases. The 
results of stress cannot be separated from starvation effects in these 
cases.
In 1919, the Carnegie Experiment was designed to systematically 
study effects of semistarvation on human adult males (Keys et al., 1950). 
However, conditions of the experiment were not strictly enforced and the 
results were inconclusive. The only consistent finding was an increase 
in irritability of the men.
Thirty-two conscientious objectors (males, average age 25 years) 
participated in and completed the Minnesota Experiment in 1944 (Keys et 
al., 1950). Since many men would be returning from the deprived condi­
tions of prisoner of war camps, it became important to understand the 
effects of nutritional rehabilitation after a period of semistarvation. 
The Minnesota Experiment participants spent six months on a restricted 
diet, followed by three months of rehabilitative feeding. Although the 
men felt that their intellectual capacity was impaired (decreased alert­
ness, disruptions in memory and concentration, impaired judgement), no 
such deficit showed up in testing. The men talked slowly, but were able 
to perform at a level similar to their pre-experiment baseline.
During the rehabilitative period, there was an increase in irri­
tability and aggressive hostility that was unusual for the subjects.
One criteria used in selecting them was their ability to get along well 
with others and adjust to group living.
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In summary, semistarvation over a six month period did not 
impair intellectual functioning in adult males. Subjectively, the par­
ticipants felt they were not performing optimally. Perhaps their self- 
confidence had been altered. The increased irritability and hostility 
during rehabilitation indicated a need for careful monitoring of indi­
viduals during this period.
Undernutrition has been reviewed, with special reference to stud­
ies on rats. Prenatal and early postnatal undernutrition have been 
shown to cause physical and psychological deficits. Data have been pre­
sented on brain development in an attempt to relate these deficits to 
critical periods of brain growth. Behavioral deficits related to star­
vation conditions have been reviewed. Human undernutrition has also 
been considered, since it is a widespread condition in the world today.
Long-Term Memory
The behavioral task employed in the present study involves long­
term memory of fear conditioning. The phrase "long-term memory" (LTM) 
comes from duplex theories of memory. Hebb’s (1949) "Dual-Trace Hypo­
thesis" of memory consolidation was an early duplex theory of how exper­
ience becomes fixed, over time, into permanent memory. In Hebb's sys­
tem, there were reverberating circuits activated by experience (equiva­
lent to short-term memory, STM). The activation of these reverberating 
circuits resulted in neural changes. Specifically, it caused the forma­
tion of cell assemblies (equivalent to LTM). The cells within a cell 
assembly, when repeatedly fired together, developed lower synaptic resis­
tance. They would fire together more easily upon subsequent stimulation.
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"Milner's Syndrome" was one of the first phenomena to provide 
empirical support for a duplex theory (Milner, 1959). Patients who had 
suffered damage to the hippocampal area of the brain were able to remem­
ber very recent events (within a few minutes) and events that had ocur- 
red before the injury. However, anything occurring between these two 
extremes was not remembered. Milner explained her results by postulat­
ing a disruption in the mechanism which transfers information from STM 
into LTM. In studies of other amnesic patients with unilateral temporal 
lobectomies, it has been found that memory of events that occurred in 
very recent time (STM) remained intact, while memory over longer time 
periods (LTM) was completely disrupted (Baddely & Warrington, 1970).
The information processing system implied by a duplex theory has 
been described in detail (Eysenck, 1977; Klatzky, 1975; Neisser, 1967; 
Shiffrin, 1975). Basically, it consists of structures (sensory memory, 
STM, LTM) and processes (decay, attention, displacement, rehearsal, 
interference) which act together to convert an external stimulus into a 
permanent memory trace. The process of remembering can be divided into 
temporally distinct stages. The first stage is very brief, believed to 
last less than one second. This is referred to as sensory memory or 
sensory register. Neisser's "icon" refers to the visual sensory store 
(Neisser, 1967) . Icons are believed to exist in other sense modalities 
as well (Atkinson & Shiffrin, 1968). Information in the sensory store 
decays rapidly unless it is processed further. There is no retrieval, 
or recall, from sensory memory. It is merely a sensory trace that helps 
to prolong the stimulus to allow for further processing. The material 
is either used immediately or it decays, making retrieval processes
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unnecessary. When attentive processes act on an item in the sensory 
store, it can be transferred into the short-term store.
The second stage, called short-term memory, may last up to 30 
seconds. Some coding occurs at this level. Rehearsal can be used to 
prolong an item’s existence in STM. However, only a limited number of 
items can be rehearsed at one time. If an overload occurs, some items 
are displaced and lose their chance to move into permanent storage.
The third stage of memory, long-term memory, is a more coded, 
permanent store. Information that reaches LTM is available for retrieval 
after long periods of time. It has been coded into a permanent or rela­
tively permanent form. There are many retrieval pathways to each bit of 
information stored here and sometimes one item can interfere with 
retrieval of another (Norman, 1973).
Although there are three structures in this system, only two of 
them (STM and LTM) are active processors of information, hence the name 
"duplex theory". The current feeling is that, although the duplex the­
ory has been experimentally supported and is a valid model of memory, it 
is probably oversimplified (Eysenck, 1977). Neisser’s information pro­
cessing model incorporates several feedback loops and other features 
which are consistent with neural systems and probably more truly reflects 
the process of memory. The reader is directed to Neisser (1967) for a 
full account of his complex system.
LTM, as a component of the memory system, is well-established 
and amply supported by empirical data. Many theories on the mechanism 
of memory storage have been proposed. Along with these theories have 
come attempts to localize the memory mechanism in physical space in the
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brain. Since Lashley’s (1929, 1950) classic search for the "engrain", 
many investigators have tried to specify the brain structures involved 
in memory. The hippocampal areas have been strongly indicated in mem­
ory function. Some of the earliest evidence linking the hippocampi to 
memory came from studies of human subjects by Scoville and Milner (1957) 
and Penfield and Milner (1958). Since then, using many methods of hip­
pocampal manipulation, researchers have implicated that area in both 
memory consolidation (Douglas, 1967; Kesner & Wilburn, 1974; Meissner, 
1966) and memory disruption (Gold, Zornetzer, & McGaugh, 1974).
Experimental results reveal that LTM is definitely associated 
with the hippocampus (Avis & Carlton, 1968; Boast, Zornetzer, & Hamrick, 
1975; Brunner, Rossi, Stutz, & Roth, 1970). Low-level electrical stimu­
lation of the brain (ESB) to dorsal hippocampal areas produces a bilat­
eral seizure. When this stimulation was applied within five minutes of 
a training task in rats, it produced amnesia for the task upon a reten­
tion test occurring 24 hours later (McDonough & Kesner, 1971). However, 
the same stimulation did not disrupt performance on a test for retention 
90 seconds after termination of ESB (Berman & Kesner, 1976). Kesner and 
Conner (1974) applied ESB to different areas of the brain. They found 
that stimulation of the midbrain reticular formation would disrupt per­
formance on a retention test 64 seconds after ESB but not on a test 24 
hours later. The opposite effect was observed for dorsal hippocampal 
stimulation, consistent with earlier results. Hippocampal research has 
been reviewed by Meissner (1966) and by Kesner and Wilburn (1974).
The capacity for LTM shows a time course of development. In 
general, rat pups trained when very young are not able to remember the
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task as well as older pups (Campbell & Campbell, 1962; Campbell,
Misanin, White, & Lytle, 1974; File & Scott, 1976; Kirby, 1963; McLaugh­
lin, Eller, & Korol, 1975). In some cases, very young rats (9 days old) 
were able to retain learned responses (one-way avoidance of shock) over 
a 24 hour period, showing LTM capacity (Misanin, Nagy, Reiser, & Bowen, 
1971). In explanation of these contradictory results, Misanin et al. 
(1971) suggested that the development of LTM capacity will vary, depend­
ing upon the task. Avoidance of noxious stimulation via flight from the 
situation qualifies as a species-specific defense reaction (SSDR), as 
defined by Bolles (1971). An SSDR, in his system, is an innate defen­
sive reaction such as flight from the situation, freezing, or the adop­
tion of threat postures.
Specifically, this study deals with the retention of classical 
fear conditioning, as manifested by the appearance of a conditioned emo­
tional response (CER) upon presentation of the classical CS. Long-term 
retention of classical fear conditioning has been shown to be a function 
of the age at which such conditioning occurs (Campbell & Spear, 1972; 
Coulter, Collier, & Campbell, 1976; Snedden, Spevack, & Thompson, 1971).
Psychological and neurological explanations of infantile memory 
abilities have been proposed. Coulter et al. (1976) employed a proce­
dure designed to differentiate between these explanations. The psycho­
logical explanation is that infantile.forgetting is due to the same 
mechanisms that influence adult forgetting. However, these mechanisms 
are enhanced by the fact that the organism is growing. As an example, 
interference may be increased because the size of any piece of apparatus 
relative to the organism is constantly changing. The response of
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reaching up to pull a bar down, for a rat, may not be similar enough to 
the adult response of leaning over to press a bar down to facilitate 
transfer.
The neurological explanation suggests the absence of necessary 
brain structures, pathways, or substances necessary for LTM at early 
ages. As the organism matures, these things develop and the capacity 
for LTM appears.
To remove size considerations, Coulter, Collier, and Campbell 
(1976) exposed rat pups to Pavlovian fear conditioning at an early age 
and then tested the effect of this conditioning on an independently 
established operant response. When fear conditioning occurs, the rat 
experiences a CER to the CS. The CER was first described by Estes and 
Skinner (1941) . It is manifested as a decrease in the rate of a stable 
operant behavior when a CS previously paired with shock is presented. 
The emotional response, which is the animal's reaction to shock, is 
capable of interfering with ongoing operant activity. This suppression 
of the operant should occur only if the CS-US bond is intact, i.e., the 
animal recalls its prior fear conditioning.
Annau and Ramin (1961) compared the effectiveness of different 
levels of shock (.28 mA, .49 mA, .85 mA, 1.55 mA, and 2.91 mA) in pro­
ducing suppression of a bar press response on a VI schedule. The three 
higher shock values produced very similar high levels of suppression. 
This is in agreement with Kimble (1955) and Boren, Sidman, and Herrn- 
stein (1959), who found that variations in shock intensity produce dif­
ferences in learning if the values are below .85 mA. Above that value,
results are very similar.
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Using the fear conditioning procedure, Coulter et al. (1976) 
obtained results indicating that the capacity for LTM has a neurological 
basis, since it appeared when size considerations had been removed, and 
that it develops very near Day 16 of life in the rat. When fear condi­
tioning occurred between Days 11-16 of life, there was no suppression of 
the operant response upon CS presentation. However, when the fear condi­
tioning took place from Days 17-22, significant suppression appeared.
Since the hippocampus has been implicated in LTM function, it is 
interesting to note that cell number in the hippocampus increases sig­
nificantly from Day 14-17 of life in the neonatal rat (Fish & Winick, 
1969). Cells are migrating from under the lateral ventricle into the 
hippocampus during this time (Winick, 1970). Using radioactive label­
ling techniques, Altman (1966) has determined that some hippocampal cells 
are formed prenatally and others postnatally. He has suggested that the 
ones formed postnatally control functions that appear after birth, such 
as sexual behavior. Memory would be one of these functions and, if 
Altman’s hypothesis is correct, would be more disrupted by the postnatal 
phase of this study.
Several other changes occur during the early neonatal period. 
These correlates of LTM development include increased production of 
myelin, increase in neural processes (dendrites) and number of synapses, 
and an increase in neurotransmitter activity, particularly acetylcholine 
(ACh) (Campbell, Riccio, & Rohrbaugh, 1971; Gramsbergen, 1976) .
The coincidence of these processes with LTM development does not 
establish causation. However, it makes them candidates for further 
investigation. As an example, Erickson and Patel (1969) proposed that
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mild electric shock might enhance avoidance learning, since it facili­
tates the release of ACh, which is the hippocampal neural transmitter. 
They obtained positive results.
The EEG patterns of rat pups by Day 19 of life are virtually 
identical to adult rat tracings, both in active and quiescent states, 
indicating that neural activity has reached a mature state at this age. 
The transition from infantile to stable, adult-like EEG patterns takes 
place from Day 10-19 of life (Gramsbergen, 1976). With all of these 
developmental changes occurring during the first three weeks of post­
natal life in the rat, it is reasonable to hypothesize that this may be 
a critical period in neural development. If it is a critical period, 
this may be reflected in behavioral tasks, such as the one used in the 
present study.
In summary, LTM is the coded, relatively permanent, retrievable 
store of information. Its localization within the brain is spatially 
distinct from that of STM. LTM is associated with hippocampal areas.
In rats, LTM normally develops at about Day 16 of life, while many 
neurological changes are occurring.
Statement of the Problem
This study was designed to investigate the relationship between 
certain nutritional conditions and the development of LTM. ZD refers to 
animals receiving less than 1.0 mg zinc per kilogram of diet. Since 
these animals exhibit loss of appetite, a control group receiving 
reduced caloric intake was necessary. These PF animals constitute a 
starved group. The AL group was a normally nourished group.
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These nutritional conditions were imposed on one group of ani­
mals prenatally and on another group postnatally, since no previous 
research had indicated which time period might be critical. Altman's 
(1966) studies of hippocampal development led him to hypothesize that 
the hippocampal cells developing after birth may be the ones that con­
trol postnatally-appearing functions like memory.
The four age groups in this study were based upon those of Coul­
ter et al. (1976). It was expected that the AL groups in both the pre- 
and postnatal phases would replicate their findings. The Dll and D14 
groups were not expected to show LTM of early fear conditioning. The 
D17 and D20 groups were expected to exhibit a CER upon presentation of 
the classical CS that would disrupt the ongoing operant activity and be 
reflected in a low suppression ratio (performance during the two minute 
CS divided by performance during a two minute baseline period).
Evidence for intellectual as well as physiological deficits due 
to starvation and zinc deficiency has been cited. Therefore, ZD and PF 
groups were expected to show some retardation in LTM development, when 
compared with AL groups. Differences were expected to appear in the D17 
age groups. PF and ZD animals were not expected to show LTM capacity 
equivalent to that of AL animals. If the discrepancy continued into the 
D20 group, further research would be necessary to determine whether the 
memory disruption was temporary or permanent.
Two-way analysis of variance using unweighted means would be 
used to assess overall group differences in suppression ratios. Stu­




Prenatal Deficiency. Thirty timed-pregnant Long-Evans hooded 
dams were purchased from Charles River Breeding Laboratories, Wilming­
ton, MA. These animals x̂ ere divided into three groups of ten each. The 
day of mating was counted as Day 0. Beginning on Day 13 and ending on 
Day 20 of gestation, the dams were subjected to zinc deficiency (ZD), 
pair-feeding (PE), or ad libitum (AL) feeding treatments. The diet was 
biotin-enriched, 2 0% sprayed eggwhite pellets containing less than 1 . 0  
mg of Zn/Kg. For a complete description of the diet, see Table 4. All 
animals were fed this diet. ZD and AL dams had unlimited access to the 
diet. Each member of the PF group was matched to a member of the ZD 
group and received the same amount of diet that the ZD animal had con­
sumed on the previous day. Matching of the ZD and PF dams was accom­
plished by rank-ordering the two groups by weight and pairing them on 
this basis. The PF group was a necessary control, since ZD animals 
typically exhibit anorexia. PF dams had been bred one day later than 
the other dams so that their nutritional, treatment would be applied dur­
ing the same period of gestation. PF and AL dams received zinc chloride 
supplemented water (25 mg Zn/1), whereas the ZD dams received glass- 
distilled, deionized x̂ ater. Litter size, within nutritional conditions, 




The Zinc Deficient Diet-*-
Formula g/Kg
Egg White Solids, Spray Dried 2 0 0 . 0 0
Dextrose, Hydrate, Technical 630.108
Fiber, Nonnutritive 30.00
Oil, Corn 1 0 0 . 0 0
Salt Mix (see below)
Vitamin Mix (see below)
Salt Mix
Calcium Carbonate (CaC0 3) 9.94405
Calcium Phosphate Dibasic (CaHP04•2H2 0) 3.1489
Cobalt Chloride (CoCl2 *6H2 0) 0.00185
Cupric Sulfate (CuS0 4*5H2 0) 0.00945
Ferric Citrate (FeC6H507•5H20) 0.911542
Magnesium Sulfate (MgS04*7H20) 3.38106
Manganese Sulfate (MnS0 4*H2 0) 0.008791
Potassium Iodide (KI) 0.026518
Potassium Phosphate Dibasic (K2HPO4 *3H2 0) 14.0044
Sodium Chloride (NaCl) 5.55198
Vitamin Mix
Biotin 0.004








Thiamine HCl 0 . 0 1
Inositol 1 . 0 0
Units/Kg
Vitamin A Palmitate 10,000.000 IU
Vitamin D2 1,250.000 IU
Vitamin E Acetate 110.000 IU
■̂ This diet was obtained from General Biochemicals of Chagrin 
Falls, Ohio. It is a modified TDF1305 with 1 g/Kg of inositol added in 
place of chlorotetracycline.
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postpartum. Following Day 20 of gestation, all dams were given ad libitum 
access to standard Purina Laboratory Rat Chow and tap water. Subjects of 
the prenatal deficiency part of this experiment were 1 1 1  of the pups 
born to the previously described dams. They were randomly selected from 
the 19 surviving litters.
Postnatal Deficiency. Thirty timed-pregnant Long-Evans hooded 
dams were purchased from Charles River Breeding Laboratories, Wilming­
ton, MA. They were divided into three groups of ten each. During gesta­
tion, all animals received ad libitum access to standard Purina Labora­
tory Rat Chow and tap water. On the day of delivery, dams and litters 
were transferred into clean cages and were subjected to the ZD, PF, and 
AL treatments, as described above. Litter size was culled to nine pups 
per litter, within two days postpartum. Nutrition conditions continued 
until Day 22, postpartum, when the pups were weaned and provided free 
access to standard Purina Laboratory Rat Chow and tap water. Subjects 
of the postnatal part of this experiment were 141 pups, chosen from the 
thirty surviving litters.
All dams were housed in single-sized stainless steel cages until 
parturition, when they were transferred into double-size plexiglass 
cages with plastic grid floors. They remained in these cages until 
weaning, when the dams were removed and the pups remained together in 
the plexiglass cages. Pups were segregated by sex and housed with one 
or two littermates in single metal cages on Day 40, postpartum. When 
food deprivation conditions were instituted, in the bar press training 
phase of the study, rats were housed singly. During the entire study, a 
1 2-hour light-dark cycle was in effect.
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While the animals were receiving special diets, they were housed 
in a climate-controlled, dust-free room with glass-distilled and zinc- 
supplemented water supplied by automatic watering devices. At other 
times, they were housed in a similar room nearby, where they received 
tap water.
Food consumption and weights were recorded for the dams through­
out gestation and the suckling period. Litters were weighed regularly 
as a unit and their food consumption was recorded after weaning. Indi­
vidual records were kept for subjects during the deprivation, bar press 
training, and testing sessions.
Apparatus
Ten specially constructed clear plexiglass chambers (20x19x19 cm) 
were employed for the fear conditioning. Floor grids consisted of 3 mm 
steel rods spaced 0.9 cm apart, center to center. A Sonalert SC628 Audi­
ble Signal which delivered an 80 dB, 2,900 Hz tone was mounted in the 
center of each chamber's cover. A Lehigh Valley Electronics SGS-003 
Shock Generator-Scrambler delivered the 2.0 mA, 0.75 second shock to the 
grid floors of the chambers during the last 0.75 second of each two 
minute tone. Three film tapes and a Ralph Gerbrands Co. (Model PT-1A) 
film reader were programmed to initiate the different tone-shock 
sequences employed during the three days of conditioning.
Ten Scientific Prototype (A100) operant conditioning chambers 
were employed in the second phase of the experiment. Noyes Precision 
Food Pellets (20M, 4.0 mm x 3.3 mm x 45 mg) were delivered as reinforce­
ment by ten Ralph Gerbrands Co. (D-l) feeder mechanisms. The same
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Sonalert Audible Signals used in the first phase were mounted in the 
center of the covers of the operant chambers. Variable interval feeding 
schedules were controlled by film tapes and ten Ralph Gerbrands Co. 
(Model PT-1A) film readers. Responses were automatically counted. On 
the three days prior to testing, total bar presses per two-hour period 
were recorded. On the test day, responses were recorded only for the 
appropriate two-minute periods. Counters were manually reset for each 
period.
Test periods were manually triggered by pressing a button which 
activated a timer set at two minutes and a response counter. Following 
this two-minute baseline period, the tone was presented for two minutes, 
controlled by a second timer. A second counter recorded responses made 
during this period.
Procedure
Each rat pup was subjected to the same sequence of events, the 
difference being the age at which the sequence was begun. The first 
group (G-ll) started their conditioning on the 11th postnatal day. The 
second (G-14), third (G-17), and fourth (G-20) groups began conditioning 
on the 14th, 17th, and 20th postnatal days, respectively. Pups were 
randomly assigned to particular age groups which, when combined with the 
three nutritional conditions, created twelve groups. An earpunch system 
was used to identify pups within these groups.
Pups were removed from their litters to receive one hour of fear 
conditioning in the plexiglass shock chambers daily for three consecu­
tive days. Four conditioning trials were delivered during each hour.
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A conditioning trial consisted of a tone two minutes in duration (2,900 
Hz, and 80 dB) paired with a shock of 0.75 second duration and 2.0 mA.
The shock was triggered just before the termination of the tone. Tones 
were initiated on a different schedule on each of the three days. On the 
first day, tone-shock pairings began.with minutes 8 , 2 0, 45, and 51. 
Schedules for the second and third days were minutes 5, 31, 37, and 54, 
and minutes 17, 23, 41, and 53, respectively. Pups were returned to 
their litters after each conditioning session. All fear conditioning 
was completed before the pups were weaned.
Thirty-two days after the last day of fear conditioning, a six 
day food deprivation schedule designed to reduce rats to 85% of their ad 
libitum body weight was initiated. All rats were exposed to a 24-hour 
habituation to the operant conditioning chamber sometime during the 
first three days of deprivation. A continuous reinforcement schedule 
was used. All animals acquired the bar press response during this time. 
Rats were then placed in the chambers for two hours daily on four con­
secutive days, beginning 38 days after the last day of fear conditioning. 
For the first hour of the first day, reinforcements were delivered on a 
VI 15 (Ferster & Skinner, 1957) schedule. A VI 90 schedule was then 
instituted and remained in effect throughout the remaining sessions. On 
the fourth day of this treatment, 42 days after the last day of fear 
conditioning, rats were exposed to the two-minute conditioning tone at 
minutes 25, 55, 65, and 95 of the two-hour session. No shock was given. 
Rates of bar pressing were compared for the two minutes just prior to 
tone (the baseline) and the two minutes of tone. The "Kamin" suppres­
sion ratio was used to make comparisons (Annau & Kamin, 1961). A
suppression ratio of 0.30 or lower on the first trial would indicate 
that the animal had memory of its fear conditioning. During the subse­
quent three trials, the suppression ratio would be expected to return to 





Data were collected on subjects from those litters containing a 
minimum of eight pups throughout the suckling period. Overall group 
differences were analyzed by two-way analysis of variance with repeated 
measures using unweighted means (Winer, 1962). Differences between 
groups were evaluated by the Student's t test (Winer, 1962). A 0.05 
level of significance was set as acceptable. The data from male and 
female rats have been combined, since separate analyses revealed no sig­
nificant sex-related differences in performance. Three dietary condi­
tions and four age groups produced 1 2 groups each for the prenatal and 
postnatal deprivation conditions.
In the prenatal part of the experiment, there were -8-10 rats per 
group, or a total of 111 rats. All the postnatal groups contained 12 
rats except the AL17 group, which contained 9 rats, for a total of 141 
rats.
Prenatal Deficiency
Dam weights x̂ ere analyzed from Day 12 through Day 20 of gesta­
tion (Figure 3). Means and standard deviations are shown in Table 5. A 
summary of the analysis of variance is given in Table 6 and significance 
levels of between-groups F ratios are summarized in Table 7. There were
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Means and Standard Deviations - Prenatal Dam Weights (gm)
Mean Standard Deviation
Day 12 Gestation 211.50 21.030
Day 14 218.25 22.493
Day 16 224.38 27.184
Day 18 217.38 30.021
Day 20 219.63 18.145
Day 12 221.75 21.741
Day 14 219.50 17.471
Day 16 230.75 20.253
Day 18 227.75 24.843
Day 20 231.25 21.592
Day 12 238.14 16.252
Day 14 235.14 19.838
Day 16 248.43 22.525
Day 18 264.00 23.422
Day 20 289.00 25.433
no significant group differences until Day 18 of gestation, when the 
overall unweighted means solution attained significance (p=0.04). On 
Day 18, PF dams were not significantly different in weight from ZD dams 
(p=0.60), nor from AL dams (p=0.06). ZD dams were significantly differ­
ent from AL dams (p=0.01). By Day 20 of gestation, the overall differ­
ences in group weights were larger (p=0.0005). The ZD and PF dams were 
not significantly different (p=0.61). AL dams were significantly dif­
ferent from the ZD dams (p=0.0002) and from the PF dams (p=0.007). Food 
consumption by dams from Day 12 of gestation until Day 20 postnatal is 
shown in Figure 4. During the zinc deficient period, the AL dams con­
sumed significantly more food than ZD dams (p=0.002). There were no
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significant differences in consumption prior to or after the zinc defi­
cient period.
Table 6
Summary of Overall Analysis of Variance - Prenatal Dam Weights
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 19155.6 2 9577.8 3.4299 0.0565
Error 44679.0 16 2792.4
Within Groups 7484.3 4 1871.1 27.3838 0.0000
Interaction 7426.4 8 928.3 13.5859 0.0000
Error 4373.0 64 68.3
ZD/PF
Between Groups 848.0 1 848.0 0.2947 0.6041
Error 28776.0 1 0 2877.6
Within Groups 946.0 4 236.5 2.5904 0.0504
Interaction 193.0 4 48.3 0.5285 0.7183
Error 3652.0 40 91.3
ZD/AL
Between Groups 22500.0 1 22500.0 7.9663 0.0139
Error 36717.0 13 2824.4
Within Groups 9465.0 4 2366.3 37.8717 0.0000
Interaction 7843.0 4 1960.8 31.3817 0.0000
Error 3249.0 52 62.5
PF/AL
Between Groups 9101.0 1 9101.0 3.4312 0.0945
Error 23872.0 9 2652.4
Within Groups 12821.0 4 3205.3 62.7797 0.0000
Interaction 4256.0 4 1064.0 20.8400 0.0000
Error 1838.0 36 51.1
Weights of the pups are presented in Figure 5 from birth until. 
Day 32 postnatal. Table 8 summarizes the means and standard deviations. 
The overall analysis of variance of pup weights is shown in Table 9, 
while the significance levels of F are shown in Table 10. Overall, 
there were no significant group differences. ZD and PF pups were not
Figure 4 Mean food consumption of prenataily deficient dams from 

















different from each other (p=0.66), nor were PF and AL pups (p=0.09). 
Although the overall difference between ZD and AL pups was not signifi­
cant (p=0.16), these pups were different on the day of birth (p=0.01) 
and on Day 8 postnatal (p=0.05). Food consumption among the pups was 
also significantly different (p=0.045). It is shown in Figure 6. The 
AL pups ate significantly more, overall, than PF (p=0.02) and ZD 
(p=0.01) pups but there were no significant differences between ZD and 
PF pups (p=0.22).
Table 7






Overall .057 .604 .014* .095
Day 12 Gestation .565 .505 .139 .637
Day 14 Gestation .383 .928 .175 .265
Day 16 Gestation .301 .713 .106 .270
Day 18 Gestation .036* .603 .009* .055
Day 20 Gestation .0005* .605 .0002* .007*
*Indicates significance at the 0.05 level.
Suppression ratios of the four age groups across the three 
dietary conditions are shown in Figure 7. Table 11 contains means and 
standard deviations for prenatal suppression data. A summary of the 
overall analysis of variance of the suppression ratios is given in 
Tables 12-15. Significance levels of F ratios between groups are pre­
sented in Table 16. The Gil rats, conditioned on Days 11, 12, and 13, 
showed no significant overall group differences (p=0.13). G14 rats,
Figure 5 Mean weights of prenatally deficient pups from birth 
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Figure 6 Mean food consumption of prenatally deficient pups from 
Day 22 through Day 40 of life.
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conditioned on Days 14, 15, and 16, also showed no significant differ­
ences among the three dietary groups (p=0.80). This trend continued for 
the G17 rats (p=0.21 and G20 rats (p=0.76).
Table 8
Means and Standard Deviations - Prenatal Pup Weights (gm)
Mean Standard Deviation
Birth 8.125 0.600
Day 8 13.125 1.364
Day 16 26.125 3.018
Day 24 46.500 6.205
Day 32 82.875 12.870
Birth 5.250 0.829
Day 8 12.750 2.165
Day 16 23.750 1.920
Day 24 43.500 5.176
Day 32 82.250 8.467
Birth 6.286 0.881
Day 8 14.429 0.728
Day 16 26.571 2.060
Day 24 49.714 6.627
Day 32 92.143 8.184
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Table 9
Summary of Overall Analysis of Variance - Prenatal Pup Weights
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 287.7 2 143.9 1.7723 0.2006
Error 1298.7 16 81.2
Within Groups 71814.3 4 17953.6 688.0405 0.0000
Interaction 220.3 8 27.5 1.0553 0.4056
Error 1670.0 64 26.1
ZD/PF
Between Groups 20.9 1 20.9 0.2171 0.6545
Error 961.7 10 96.2
Within Groups 46171.4 4 11542.8 387.4048 0.0000
Interaction 19.6 4 4.9 0.1647 0.9527
Error 1191.8 40 29.8
ZD/AL
Between Groups 176.9 1 176.9 2.2235 0.1571
Error 1034.5 13 79.6
Within Groups 64119.4 4 16029.9 554.1548 0.0000
Interaction 194.4 4 48.6 1.6799 0.1677
Error 1504.2 52 28.9
PF/AL
Between Groups 238.4 1 238.4 3.5695 0.0890
Error 601.2 9 66.8
Within Groups 48385.7 4 12096.4 676.1975 0.0000
Interaction 139.1 4 34.8 1.9443 0.1234
Error 644.0 36 17.9
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Overall .201 .655 .157 .089
Day of Birth .058 .786 .014* .115
Day 8 .177 .743 . 053* .122
Day 16 .193 .218 .760 .071
Day 24 .316 .530 .613 .176
Day 32 .283 .935 .149 .117
*Indicates significance at the 0.05 level.
Table 11
Means and Standard Deviations - Prenatal Suppression Ratios
Mean Standard Deviation
ZD Trial 1 .410 .045
Trial 2 .573 .127
Trial 3 .494 .110
Trial 4 .516 .084
PF Trial 1 .387 .084
Trial 2 .478 .084
Trial 3 .444 .095
Trial 4 .501 .071
AL Trial 1 .393 .145
Trial 2 .444 .130
Trial 3 .444 .123
Trial 4 .485 .089
ZD Trial 1 .473 .127
Trial 2 .442 .152
Trial 3 .547 .123
Trial 4 .402 .084
PF Trial 1 .455 .089
Trial 2 .521 .084
Trial 3 .509 .032







AL Trial 1 .402 .138
Trial 2 .480 .134
Trial 3 .491 .105
Trial 4 .501 .138
ZD Trial 1 .229 .152
Trial 2 .387 .210
Trial 3 .338 .207
Trial 4 .431 .184
PF Trial 1 .297 .138
Trial 2 .473 .071
Trial 3 .514 .105
Trial 4 .524 .106
AL Trial 1 .193 .179
Trial 2 .320 .161
Trial 3 .452 .152
Trial 4 .549 .100
ZD Trial 1 .154 .141
Trial 2 .315 .192
Trial 3 .412 .192
Trial 4 .431 .173
PF Trial 1 .265 .173
Trial 2 .326 .224
Trial 3 .322 .215
Trial 4 .356 .215
AL Trial 1 .131 .138
Trial 2 .246 .200
Trial 3 .335 .251
Trial 4 .362 .239
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Table 12
Summary of Overall Analysis of Variance of Prenatal
Suppression Ratios for Gil
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.0657 2 0.0329 2.2431 0.1263
Error 0.3517 24 0.0147
Within Groups 0.1911 3 0.0637 5.7342 0.0018
Interaction 0.0368 6 0.0061 0.5510 0.7693
Error 0.7998 72 0.0111
ZD/PF
Between Groups 0.0380 1 0.0380 4.0064 0.0600
Error 0.1517 16 0.0095
Within Groups 0.1718 3 0.0573 6.1942 0.0015
Interaction 0.0177 3 0.0059 0.6367 0.5987
Error 0.4436 48 0.0092
ZD /AD
Between Groups 0.0584 1 0.0584 3.4872 0.0773
Error 0.2681 16 0.0168
Within Groups 0.1286 3 0.0429 3.3022 0.0275
Interaction 0.0334 3 0.0111 0.8578 0.5281
Error 0.6230 48 0.0130
PF/AL
Between Groups 0.0022 1 0.0022 0.1238 0.7289
Error 0.2837 16 0.0177
Within Groups 0.1002 3 0.0334 3.0065 0.0386
Interaction 0.0041 3 0.0014 0.1228 0.9454
Error 0.5332 48 0.0111
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Table 13
Summary of Overall Analysis of Variance of Prenatal
Suppression Ratios for G14
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.0104 2 0.0052 0.2292 0.7990
Error 0.5915 26 0.0227
Within Groups 0.0890 3 0.0297 2.6110 0.0562
Interaction 0.1098 6 0.0183 1.6095 0.1550
Error 0.8867 78 0.0114
ZD/PF
Between Groups 0.0087 1 0.0087 0.4645 0.5111
Error 0.3183 17 0.0187
Within Groups 0.0948 3 0.0316 3.3000 0.0270
Interaction 0.0476 3 0.0159 1.6585 0.1863
Error 0.4883 51 0.0096
ZD/AL
Between Groups 0.0002 1 0.0002 0.0049 0.9434
Error 0.5619 18 0.0312
Within Groups 0.0773 3 0.0258 1.9224 0.1356
Interaction 0.0964 3 0.0321 2.3976 0.0769
Error 0.7236 54 0.0134
PF/AL
Between Groups 0.0065 1 0.0065 0.3650 0.5600
Error 0.3028 17 0.0178
Within Groups 0.0669 3 0.0223 2.0243 0.1287
Interaction 0.0229 3 0.0076 0.6937 0.5634
Error 0.5616 51 0.0110
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Table 14
Summary of Overall Analysis of Variance of Prenatal
Suppression Ratios for G17
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.2001 2 0.1001 1.6579 0.2113
Error 1.3882 23 0.0604
Within Groups 0.9530 3 0.3177 21.7555 0.0000
Interaction 0.1503 6 0.0250 1.7151 0.1299
Error 1.0075 69 0.0146
ZD/PE
Between Groups 0.1779 1 0.1779 2.6844 0.1257
Error 0.9277 14 0.0663
Within Groups 0.4228 3 0.1409 10.0170 0.0001
Interaction 0.0279 3 0.0093 0.6599 0.5848
Error 0.5909 42 0.0141
ZD/AL
Between Groups 0.0186 1 0.0186 0.2264 0.6449
Error 1.3112 16 0.0820
Within Groups 0.7788 3 0.2596 17.6197 0.0000
Interaction 0.1271 3 0.0424 2.8755 0.0449
Error 0.7072 48 0.0147
PF/AL
Between Groups 0.0951 1 0.0951 2.8312 0.1087
Error 0.5373 16 0.0336
Within Groups 0.9167 3 0.3056 20.4565 0.0000
Interaction 0.0757 3 0.0252 1.6894 0.1805
Error 0.7170 48 0.0149
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Table 15
Summary of Overall Analysis of Variance of Prenatal
Suppression Ratios for G20
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.0783 2 0.0391 0.2806 0.7611
Error 3.6261 26 0.1395
Within Groups 0.6810 3 0.2270 19.1481 0.0000
Interaction 0.1361 6 0.0227 1.9138 0.0883
Error 0.9248 78 0.0119
ZD/PF
Between Groups 0.0021 1 0.0021 0.0163 0.8953
Error 2 . 1 8 0 2 17 0.1282
Within Groups 0.3978 3 0.1326 11.3445 0.0001
Interaction 0.1214 3 0.0405 3.4610 0.0225
Error 0.5961 51 0.0117
ZD/AL
Between Groups 0.0712 1 0.0712 0.5521 0.5267
Error 2.3202 18 0.1289
Within Groups 0.7948 3 0.2649 20.5565 0.0000
Interaction 0.0092 3 0.0031 0.2385 0.8697
Error 0.6960 54 0.0129
PF/AL
Between Groups 0.0458 1 0.0458 0.2830 0.6072
Error 2.7518 17 0.1619
Within Gtoups 0.2925 3 0.0975 8.9198 0.0002
Interaction 0.0705 3 0.0235 2.1511 0.1040
Error 0.5575 51 0.0109
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Significance Levels of F for Suppression Ratios 




Solution ZD/PF ZD/AL PF/AL
Gil
Overall .126 .060 .077 .729
Trial 1 .894 .509 .751 .923
Trial 2 .091 .098 .057 .563
Trial 3 .583 .656 .694 .987
Trial 4 .756 .699 .507 .704
G14
Overall .799 .511 .943 .560
Trial 1 .534 .747 .275 .623
Trial 2 .565 .196 .581 .547
Trial 3 .505 .589 .318 .669
Trial 4 .161 .134 .083 .514
G17
Overall .211 .121 .645 .109
Trial 1 .557 .605 .674 .216
Trial 2 .190 .328 .516 .030*
Trial 3 .111 .061 .216 .631
Trial 4 .208 .273 .112 .630
G20
Overall .761 .895 .527 .607
Trial 1 .154 .159 .728 .085
Trial 2 . 686 .908 .529 .550
Trial 3 . 664 .622 .526 .913
Trial 4 .724 .551 .500 .960
*Indicates significance at the 0.05 level.
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Postnatal Deficiency
Analysis of dam weights was carried out, from the day before 
delivery until Day 21 postpartum (Figure 8). Means and standard devia­
tions of the weight data are presented in Table 17, and the analysis of 
the data is summarized in Table 18.
Table 17





Day Before Delivery 306.6 26.23
Day 3 222.2 26.80
Day 6 208.9 23.86
Day 9 203.3 16.83
Day 12 199.2 20.60
Day 15 192.7 21.15
Day 18 192.6 20.50
Day 21 194.0 14.95
Day Before Delivery 301.1 26.59
Day 3 223.9 15.21
Day 6 207.4 16.35
Day 9 201.8 15.81
Day 12 203.6 25.08
Day 15 201.5 20.40
Day 18 202.6 24.65
Day 21 196.3 23.47
Day Before Delivery 303.1 39.93
Day 3 237.6 23.76
Day 6 239.6 20.81
Day 9 248.0 23.01
Day 12 248.3 21.61
Day 15 250.6 26.48
Day .18 252.4 24.39
Day 21 250.5 25.61
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Summary of Overall Analysis of Variance - Postnatal Dam Weights
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 73189.3 2 36594.6 9.5110 0.0011
Error 100038.0 26 3847.6
Within Groups 189501.4 7 27071.6 189.8592 0.0000
Interaction 20520.0 14 1465.7 10.2794 0.0000
Error 25951.0 182 142.6
ZD/PF
Between Groups 208.0 1 208.0 0.0691 0.7912
Error 51148.0 17 13008.7
Within Groups 176760.0 7 25251.4 154.6377 0.0000
Interaction 927.0 7 132.4 0.8110 0.5811
Error 19432.0 119 163.3
ZD/AL
Between Groups 57142.0 1 57142.0 13.2187 0.0023
Error 73488.0 17 4322.8
Within Groups 105173.0 7 15024.7 112.3925 0.0000
Interaction 17343.0 7 2477.6 18.5335 0.0000
Error 15908.0 119 133.7
PF/AL
Between Groups 53252.0 1 53252.0 12.7056 0.0025
Error 75442.0 18 4191.2
Within Groups 102108.0 7 14586.9 110.9870 0.0000
Interaction 12691.0 7 1813.0 13.7946 0.0000
Error 16560.0 126 131.4
Significance levels of F between groups are given in Table 19. 
Overall differences were significant between AL dams and PF dams (p=0.003) 
and between AL dams and ZD dams (p=0.002). ZD dams, however, were not 
significantly different from PF dams (p=0.79). Since nutritional condi­
tions were not imposed until the day of delivery, no significant differ­
ences in weight of dams would be expected on the day before delivery.
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As expected, the overall group differences for that day were insignifi­
cant (p=0.937). On Day 3 postpartum, overall differences were still 
insignificant (p=0.307). By Day 6 postnatal, the overall differences in 
weights of the dams attained significance (p=0.004). AL dams were sig­
nificantly heavier than ZD dams (p=0.011) and PF dams (p=0.002). ZD and 
PF dams were not different from each other (p=0.876). On subsequent 
days, the differences between AL and PF dams and between AL and ZD dams 
continued to be significant, but the difference between ZD and PF dams 
never reached the level of statistical significance.
Table 19
Significance Levels of F - Postnatally Deficient Dam Weights
Unweighted ____Group Comparisons
Means
Solution ZD/PF ZD/AL PF/AL
Overall .001* .791 .002* .003*
Day Before Delivery .937 .679 .832 .897
Day 3 .307 .868 .225 .159
Day 6 . 004* .876 .011* .002*
Day 9 .001* .843 .001* .001*
Day 12 . 001* .702 .001* .001*
Day 15 . 001* .603' .001* . 001*
Day 18 . 001* .620 .001* .001*
Day 21 .001* .809 .001* . 001*
*Indicates significance at the 0.05 level.
As expected, postnatal zinc deficiency produced anorexia and the 
ZD dams consumed significantly less food during the lactation period 
than the AL dams (p=0.001). These data are summarized in Figure 9. PF 
dams were given the same quantity of food as consumed by their ZD part­
ner, therefore, their weights overall are similar (p=0.791).
Figure 9 Mean food consumption of postnatal dams during lactation 
period.
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Pup weights were also analyzed from Day of Birth until Day 36 
postpartum. Figure 10 shows the group weights. Means and standard devi­
ations of postnatally deficient pup weights are shown in Table 20.
Table 20
Means and Standard Deviations - Postnatal Pup Weights (gm)
Mean Standard Deviation
Birth 5.67 0.67
Day 6 8.90 1.37
Day 12 12.44 2.59
Day 18 16.67 4.00
Day 24 26.67 7.06
Day 30 44.22 9.02
Day 36 73.56 15.00
Birth 5.70 0.64
Day 6 10.80 0.75
Day 12 16.80 2.09
Day 18 22.20 3.92
Day 24 35.60 8.66
Day 30 57.40 9.21
Day 36 90.70 10.00
Birth 5.60 0.66
Day 6 12.70 1.19
Day 12 23.40 2.25
Day 18 34.30 3.32
Day 24 51.60 4.50
Day 30 79.40 7.14
Day 36 117.40 10.29
Table 21 contains a summary of the analysis of variance of the 
pup weights and Table 22 summarizes the significance levels of group 
differences. On the day of birth, the overall difference among groups 
was not significant (p=0.949). By Day 6 postpartum, the overall differ­
ences were significant (p=0.001), with ZD pups being different from PF 
pups (p=0.002) and different from AL pups (p=0.001), and PF pups differ­
ent from AL pups (p=0.001). On all subsequent days, all group




Summary of Overall Analysis of Variance - Postnatal Pup Weights
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 13061.5 2 6530.8 37.7050 0.0000
Error 4503.4 26 173.2
Within Groups 172935.5. 6 28822.6 1221.9510 0.0000
Interaction 7748.0 12 645.7 27.3734 0.0000
Error 3679.6 156 23.6
ZD/PF
Between Groups 1766.2 1 1766.2 8.7178 0.0087
Error 3444.1 17 202.6
Within Groups 86403.4 6 14400.6 526.7319 0.0000
Interaction 1078.9 6 179.8 6.5770 0.0000
Error 2788.6 102 27.3
ZD/AL
Between Groups 12569.3 1 12569.3 71.4524 0.0000
Error 2990.5 17 175.9
Within Groups 120966.5 6 20161.1 860.9038 0.0000
Interaction 7453.1 6 1242.2 53.0430 0.0000
Error 2388.7 102 23.4
PF/AL
Between Groups 5184.9 1 5184.9 36.2856 0.0001
Error 2572.1 18 142.9
Within Groups 148670.3 6 24778.4 1226.4280 0.0000
Interaction 3047.4 6 507.9 25.1393 0.0000
Error 2182.0 108 20.2
differences and overall differences in pup weights were significant. 
Postweaning food consumption of the pups was significantly different 
(p=0.001). The AL pups consumed significantly more (p=0.003) than the 
PF pups which, in turn, consumed more than the ZD pups (p=0.008). Con­
sumption from Day 26 to Day 40 is shown in Figure 11.
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Overall .001* .009* .001* .001*
Day of Birth .949 .913 .833 .747
Day 6 . 001* . 002* . 001* .001*
Day 12 .001* .002* . 001* . 001*
Day 18 . 001* .010* . 001* .001*
Day 24 .001* .032* .001* . 001*
Day 30 .001* . 008* .001* .001*
Day 36 . 001* .012* . 001* . 001*
^Indicates significance at the 0.05 level.
Figure 12 shows the suppression ratios of the four age groups 
across the three dietary conditions. Table 23 shows the means and stan­
dard deviations for the postnatal suppression ratios. The analysis of 
variance of these ratios is summarized in Tables 24 through 27. Signifi­
cance levels of F for between groups comparisons are shown in Table 28. 
Gil rats showed no significant differences among the three dietary con­
ditions (p=0.687). Similarly, G14 rats revealed no significant differ­
ences among conditions (p=0.214). However, the overall group differences 
for G17 rats were significant (p=0.029). For Test Trial 1, the group 
differences were significant (p=0.002). ZD rats were significantly dif­
ferent from PF rats (p=0.009) and from AL rats (p=0.001). PF rats were 
not different from AL rats (p=0.539). On Test Trial 2, the overall 
group differences were again significant (p=0.009). On this trial, the 
only significant difference occurred between the ZD and PF rats
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(p=0.001). AL rats, on Trial 2, were not different from ZD rats 
(p=0.070) or PF rats (p=0.248). Overall group differences were not sig­
nificant for Test Trial 3 (p=0.142) or Trial 4 (p=0.533). No signifi­
cant group differences occurred among the G20 rats (p=0.216).
Table 23
Means and Standard Deviations - Postnatal Suppression Ratios
Mean Standard Deviation
ZD Trial 1 .398 .089
Trial 2 .535 .145
Trial 3 .580 .138
Trial 4 .516 .179
PF Trial 1 .386 .084
Trial 2 .567 .100
Trial 3 .537 .114
Trial 4 .594 .127
AL Trial 1 .457 .118
Trial 2 .551 .055
Trial 3 .508 .145
Trial 4 .493 .078
ZD Trial 1 .428 .155
Trial 2 .553 .141
Trial 3 .559 .134
Trial 4 .573 .161
PF Trial 1 .305 .170
Trial 2 .477 .105
Trial 3 .575 .089
Trial 4 .555 .148
AL Trial 1 .446 .114
Trial 2 .594 .105
Trial 3 .564 .105






ZD Trial 1 .296 .118
Trial 2 .490 .152
Trial 3 .503 .105
Trial 4 .526 .100
PF Trial 1 .130 .155
Trial 2 .238 .158
Trial 3 .362 .251
Trial 4 .436 .259
AL Trial 1 .085 .071
Trial 2 .337 .203
Trial 3 .513 .161
Trial 4 .493 .095
ZD Trial 1 .104 .148
Trial 2 .282 .219
Trial 3 .401 .251
Trial 4 . 466 .192
PF Trial 1 .105 .184
Trial 2 .176 .207
Trial 3 .216 .195
Trial 4 .303 .243
AL Trial 1 .058 .063
Trial 2 .157 .182
Trial 3 .259 .219
Trial 4 .386 .182
Figure 11. Mean food consumption of postnatally deficient pups 
from Day 26 through Day 40.
AGE IN DAYS
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Figure 12. Mean suppression ratios of postnatally deficient 





















Summary of Overall Analysis of Variance of Postnatal
Table 24
Suppression Ratios for Gil
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.0090 2 0.0045 0.3868 0.6875
Error 0.3857 33 0.0117
Within Groups 0.4518 3 0.1506 8.9947 0.0001
Interaction 0.1311 6 0.0219 1.3050 0.2612
Error 1.6577 99 0.0167
ZD/PF
Between Groups 0.0045 1 0.0045 , 0.3113 0.5887
Error 0.3181 22 0.0145
Within Groups 0.4785 3 0.1595 8.8056 0.0002
Interaction 0.0507 3 0.0169 0.9326 0.5681
Error 1.1954 66 0.0181
ZD/AL
Between Groups 0.0006 1 0.0006 0.0751 0.7826
Error 0.1742 22 0.0079
Within Groups 0.2154 3 0.0718 3.6372 0.0170
Interaction 0.0560 3 0.0187 0.9455 0.5744
Error 1.3026 66 0.0197
PF/AL
Between Groups 0.0084 1 0.0084 0.6630 0.5705
Error 0.2790 22 0.0127
Within Groups 0.2755 3 0.0918 7.4140 0.0004
Interaction 0.0901 3 0.0300 2.4241 0.0723
Error 0.8175 66 0.0124
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Table 25
Summary of Overall Analysis of Variance of Postnatal
Suppression Ratios for G14
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.1073 2 0.0537 1.6076 0.2143
Error 1.1015 33 0.0334
Within Groups 0.7346 3 0.2449 17.3138 0.0000
Interaction 0.1231 6 0.0205 1.4509 0.2023
Error 1.4001 99 0.0141
ZD/PF
Between Groups 0.0612 1 0.0612 1.6432 0.2110
Error 0.8194 22 0.0372
Within Groups 0.6377 3 0.2126 13.9243 0.0000
Interaction 0.0680 3 0.0227 1.3881 0.2532
Error 1.0772 66 0.0163
ZD/AL
Between Groups 0.0039 1 0.0039 0.1107 0.7413
Error 0.7675 22 0.0349
Within Groups 0.3065 3 0.1022 7.3174 0.0005
Interaction 0.0093 3 0.0031 0.2230 0.8805
Error 0.9215 66 0.0140
PF/AL
Between Groups 0.0959 1 0.0959 3.4239 0.0746
Error 0.6161 22 0.0280
Within Groups 0.5866 3 0.1955 16.0985 0.0000
Interaction 0.1074 3 0.0358 2.9480 0.0383
Error 0.8017 66 0.0121
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Table 26
Summary of Overall Analysis of Variance of Postnatal
Suppression Ratios for G17
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.5080 2 0.2890 3.9772 0.0286
Error 2.1799 30 0.0727
Within Groups 1.9847 3 0.6616 42.2616 0.0000
Interaction 0.2390 6 0.0398 2.5448 0.0251
Error 1.4089 90 0.0157
ZD/PF
Between Groups 0.6342 1 0.6342 7.3443 0.0123
Error 1.8998 22 0.0864
Within Groups 0.9807 3 0.3269 22.6159 0.0000
Interaction 0.0834 3 0.0278 1.9237 0.1329
Error 0.9540 66 0.0145
ZD/AL
Between Groups 0.1937 1 0.1937 6.4979 0.0186
Error 0.5664 19 0.0298
Within Groups 1.2957 3 0.4319 28.4836 0.0000
Interaction 0.1637 3 0.0546 3.5984 0.0186
Error 0.8643 57 0.0152
PF/AL
Between Groups 0.0883 1 0.0883 0.8863 0.6392
Error 1.8935 19 0.0997
Within Groups 1.6084 3 0.5361 30.5739 0.0000
Interaction 0.1063 3 0.0354 2.0209 0.1199
Error 0.9995 57 0.0175
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Table 27
Summary of Overall Analysis of 
Suppression Ratios
Variance of Postnatal 
for G20
Source SS DF MS F P
UNWEIGHTED MEANS
Between Groups 0.3631 2 0.1816 1.6011 0.2156
Error 3.7422 33 0.1134
Within Groups 1.7194 3 0.5731 31.2886 0.0000
Interaction 0.1474 6 0.0246 1.3407 0.2456
Error 1.8134 99 0.0183
ZD/PF
Between Groups 0.3075 1 0.3075 2.3118 0.1393
Error 2.9261 22 0.1330
Within Groups 1.0320 3 0.3440 18.8071 0.0000
Interaction 0.1246 3 0.0415 2.2711 0.0872
Error 1.2072 66 0.0183
ZD/AL
Between Groups 0.2319 1 0.2319 2.4240 0.1304
Error 2.1044 22 0.0957
Within Groups 1.5872 3 0.5291 25.6295 0.0000
Interaction 0.0341 3 0.0114 o.5505 0.6538
Error 1.3624 66 0.0206
PF/AL
Between Groups 0.0053 1 0.0053 0.0478 0.8233
Error 2.4539 22 0.1115
Within Groups 0.8932 3 0.2977 18.5871 0.0000
Interaction 0.0623 3 0.0208 1.2967 0.2822
Error 1.0573 66 0.0160
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Significance Levels of F for Suppression Ratios 




Solution ZD/PF ZD/AL PF/AL
Gil Overall .687 .589 .783 .571
Trial 1 .208 .751 .193 .117
Trial 2 .791 .564 .746 .656
Trial 3 .553 .567 .238 .615
Trial 4 .195 .246 .706 .034*
G14 Overall .214 .211 .741 .075
Trial 1 .072 .094 .763 .030*
Trial 2 .079 .167 .548 .018*
Trial 3 .940 .744 .935 .744
Trial 4 .950 .769 .830 .911
G17 Overall . 029* .012* . 019* .639
Trial 1 .002* .009* .001* .539
Trial 2 .009* .001* .070 .248
Trial 3 .142 .095 .868 .146
Trial 4 .533 .299 .502 .566
G20 Overall .216 .139 .130 .823
Trial 1 .680 .982 .639 .567
Trial 2 .313 .256 .157 .820
Trial 3 .142 .064 .170 .641
Trial 4 .195 .090 .324 .622
'̂ 'Indicates significance at the 0.05 level.
CHAPTER IV
DISCUSSION
Summary of Nutritional Conditions
The prenatal deficiency conditions employed in this study were 
sufficient to cause stress in experimental animals. On Day 12 of gesta­
tion, there were no significant differences in body weights of the dams. 
ZD and PF conditions were instituted on Day 13 of gestation. By Day 18, 
the ZD dams were significantly lighter than AL dams. PF dams were 
intermediate between the other two groups at that time and not signifi­
cantly different from either, but by Day 20 they were also significantly 
lighter than the AL dams.
At birth, ZD pups (5.1 g., mean) were significantly lighter than 
AL pups (6.3 g., mean) indicating that prenatal development had been 
disrupted. PF pups (5.3 g., mean) were also lighter than AL pups on the 
day of birth, but not significantly so.
Postnatal deficiency conditions also produced significant dif­
ferences among groups. On the day before delivery, dam weights were 
similar, with only a 5.5 g. spread among group means. By Day 6, post­
partum, the AL dams (240 g.) were significantly heavier than both PF 
(207 g.) and ZD (209 g.) dams. This difference remained significant 
throughout the rest of the suckling period. At no time did the differ­
ence between PF and ZD dam weights reach a significant level.
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By Day 6 of the suckling period, all group differences in post­
natal pup weights had become significant, with PF pups intermediate 
between AL and ZD pups.
Food consumption and body weight data from pups and dams are 
evidence of success in producing zinc deficiency. At all times, ZD ani­
mals had free access to the same solid food as was consumed by AL ani­
mals. The fact that they consumed less of it can be attributed to the 
state of ZD, since that was the only difference in their situations. 
Anorexia has been established as a concommitant of ZD (Chesters & 
Quarterman, 1970; Underwood, 1971).
Effect of Nutritional Conditions 
on LTM Development
The data on suppression ratios for all three prenatal groups are 
consistent with findings of Coulter et al. (1976). The two younger 
groups of animals, across all prenatal nutritional conditions, showed 
insignificant suppression. This is interpreted as a lack of CER to the 
tone, which indicates the absence of LTM for the fear training they had 
received on Days 11, 12, and 13, or 14, 15, and 16 of life. The sup­
pression ratios were in the .40-.50 range for Trial 1. Trial 1 is con­
sidered the most indicative of LTM presence. Since the classical CS is 
presented without subsequent reinforcement (shock), extinction of the 
CER can be expected to show up on later trials. A dramatic increase in 
suppression occurred in the two older groups, across all prenatal nutri­
tional conditions, with first trial suppression ratios in the .05-.15
range.
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As Coulter et al. (1976) had suggested, LTM capacity appears to 
develop very near Day 16 of life in the rat. The nutritional conditions 
imposed during the third trimester on ZD and PF groups apparently had no 
disruptive effect on LTM capacity. Zinc deficiency during the third 
trimester, the time of maximal zinc accumulation in the rat fetus 
(McKenzie et al., 1975) has been shown to have other effects, such as 
increased teratology (Hurley & Swenerton, 1966), stunting, and various 
mucosal lesions (Diamond & Hurley, 1970). Although there were disrup­
tions in the development of prenatal PF and ZD animals in the present 
study, as reflected in body weight data, apparently underlying deficits 
were not related to LTM function.
In the postnatal phase, however, ZD G17 animals were retarded in 
their LTM development. That group of animals showed significantly less 
suppression than either PF or AL counterparts on Trial 1.
Possible Mechanisms of LTM Disruption
Problems can be expected when nutritional insult occurs during 
a formative period for neurons, a time when cell formation, migration, 
and differentiation are occurring. For most parts of the mammalian 
brain, the formative period occurs prenatally (Shoemaker & Bloom, 1977). 
Notable exceptions to the prenatal development rule are the cerebellum, 
hippocampus, and olfactory bulb (Shoemaker & Bloom, 1977). In neuro­
logical studies, postnatal zinc deficiency has been shown to result in 
lower than normal cerebellar and hippocampal weights (Buell et al.,
1976). Although the hippocampus is not believed to be the site of 
memory storage (Eccles, 1977), it is implicated in the LTM process (Avis
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& Carlton, 1968; Boast, Zornetzer, & Hamrick, 1975; Brunner et al., 
1970). The hippocampus may be involved in consolidation of information, 
perhaps acting as a mediator in a circuit involving the neocortex 
(Eccles, 1977). Altman (1966) has suggested that postnatally developing 
functions, such as memory, may be controlled by the postnatally develop­
ing hippocampal cells. There is a significant increase in cell number 
in the hippocampus between Day 14 and Day 17 of postnatal life in the 
rat (Fish & Winick, 1969). This conincides with the time of LTM devel­
opment in the rat, according to results of Coulter et al. (1976). The 
condition of zinc deficiency during the suckling period may cause a 
delay in LTM development by interfering with the normal course of hippo­
campal development. The effect is apparently only a delay, since the 
postnatal ZD G20 did show significant suppression.
Allport (1937) has summarized four major theories of why memory 
apparently improves as a function of age, in the young organism. First, 
the infant's experiences are not verbalized and, therefore, not remem­
bered. Although this factor may be involved in human memory, it is not 
very useful in an animal learning situation, such as the present study.
A second theory is that early memories are more susceptible to repres­
sion. Although this sounds somewhat complex, it would be possible in a 
fear conditioning situation. In an animal subject, repression and for­
getting would be very difficult to differentiate. Thirdly, the fact 
that childhood and adult contexts are quite different may disrupt trans­
fer of the original learning to later tests. A control for this effect 
was built into the present design (p. 37).
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Finally, it has been suggested that appropriate cortical areas 
have not been myelinated in infancy, therefore they are not fully opera­
tional. This lack of myelination may be sufficient to cause the observed 
memory deficits. It has long been known, that myelin is absent or defi­
cient in the brains of neonatal mammals (Flechsig, 1896). It was postu­
lated at that time that myelination may precede function. In the rat, 
cortical myelination begins at age 21 days and continues until the 
approximate age of 60 days, according to Jacobson (1963). The most 
rapid myelination is believed to occur between Days 30 and 40 postnatal 
in the rat (Bass, Netsky, & Young, 1970). The schedule of LTM develop­
ment and myelination is the critical factor in the LTM task tested. The 
lack of myelin in the nervous system is likely to be related to informa­
tion processing and retrieval processes, since the primary effect of 
myelination is to allow more rapid neural transmissions. The increase 
in myelin is reflected in the animal’s increased capacity to handle 
incoming stimulation. As myelin develops in the NS, the organism is 
capable of processing incoming stimuli more rapidly. The lack of ade­
quate myelin in very young mammals can be considered a temporary bio­
logical bottleneck in information processing. Kahneman (1973) referred 
to man’s narrow beam of clear vision and the presence of one tongue as 
other biological bottlenecks, or factors based on man's physical compo­
sition which limit his capacity. Thus, myelination could be related to 
the information processing system, even though not relevant to LTM 
storage, per se.
Protein synthesis is related to LTM (Agranoff, 1970; Flexner, 
Flexner, & Roberts, 1967) and the total amount of protein in rat brain
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increases rapidly from Days 10-30 of life (Agrawal & Himwich, 1970). 
Postnatal ZD impairs protein synthesis in rat brain (Fosmire et al.,
1975; Sandstead et al., 1972), making this another possible mechanism 
for the effect. Decreased DNA synthesis, as a specific case of impaired 
protein synthesis, may cause the delay in LTM capacity. ZD does inter­
fere with normal synthesis of this nucleoprotein (Sandstead et al., 1975). 
The status of DNA and ENA theories of memory is unresolved (Campbell & 
Spear, 1972), however, DNA and RNA are believed to be involved in some 
way in the LTM process (Booth, 1967). It is not possible, however, to 
predict LTM capacity from the amount of DNA or ENA present in the brain 
(Booth, 1967). It may be qualitative changes in the DNA and ENA present 
that are involved in the LTM process, as parts of the coding system 
(Gaito, 1963, 1974). Whether or not zinc deficiency could cause a quali­
tative change in the makeup of DNA or ENA is not known.
Further investigation using the present methodology with bio­
chemical and histological follow-up studies would be necessary to deter­
mine which factors are actually involved in the effect that postnatal 
zinc deficiency has on LTM.
An interesting subject for interspecies comparison is the guinea 
pig. The period of rapid neuronal development occurs prenatally in this 
species, between Days 40 and 60 of gestation (Flexner, 1955). This is 
comparable to what occurs in the rat from Day 10-30 postnatal (Dobbing, 
1974) . Campbell et al. (1974) tested guinea pigs in a retention task 
and found that there were no age effects in retention of a T-maze shock 
escape task. Guinea pigs trained at three days of age performed as well
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as those trained at 100 days of age. Since these animals are neuronally 
well-developed at birth, this is what would be expected.
Data for male and female rats, within groups, were analyzed sep­
arately throughout the study. When no significant differences between 
sexes were found, the data were combined. In other behavioral research 
using the same nutritional conditions, sex differences have been found 
(Halas et al., 1977; Halas & Sandstead, 1975). Aggressive behavior has 
been the subject of those studies. Aggression has long been known to be 
related to levels of sexual hormones in the system and, therefore, a sex- 
related behavior (Beeman, 1947; Kislak & Beach, 1955). The endocrine 
bases of aggression are complex. Recent investigators (Baenninger,
1974; Beatty & Beatty, 1970; Graj?, 1971; Milligan & Powell, 1973) have 
found that, in general, male sex hormones tend to increase aggressive 
behaviors and female hormones inhibit aggressive acts. Zinc deficiency 
may alter hormonal levels via its adverse effect on gonadal development 
Prasad & Oberleas, 1971). Since the development of memory is essential 
to animals of either sex, physiological processes leading to a func­
tional LTM would be expected to proceed similarly for males and females. 
There is no evidence to indicate otherwise.
Anomalies in PF Groups
Undernutrition did not cause a delay in LTM. In fact, postnatal 
PF G14 animals showed significantly more suppression on Trials 1 and 2 
than postnatal AL animals. Even the postnatal PF Gil animals suppressed 
at a significant level on Trial 4. The overall F value was not signifi­
cant for either of these groups, thus invalidating these effects as bona 
fide group differences (Winer, 1962). In other studies using these same
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nutritional conditions, it has been found that PF animals tended to 
yield inconsistent results. In some cases PF females were more aggres­
sive than AL females, while in others, PF and AL females showed similar 
aggression levels. Intensity of shock (Ilalas et al., 1975) and age at 
testing (Halas, Reynolds, & Sandstead, 1977) were the variables tested. 
Male PF rats, tested when 75 days old, were significantly less aggres­
sive than male AL controls, while the PF females of the same age were 
significantly more aggressive than their AL controls. These paradoxes 
in the behavior of PF animals have not yet been resolved.
This investigator noticed, in handling the rats, that PF animals 
(prenatal and postnatal) were most likely to show threat behavior when 
approached. Several of these animals would adopt threatening posture 
and vocalize whenever their cage was approached, including for every 
feeding. It was also noted that, for two PF animals (both females, one 
in G14 prenatal and one in G17 postnatal) the onset of tone for the 
first test trial caused convulsive activity which did not cease until 
later when the animal had been removed to her home cage. These 
instances of emotional instability in PF animals are difficult to inter­
pret and indicate the need for further study of this group before gen­
eralizations can be made.
Since malnutrition causes a decrease in the number of cells 
migrating into the hippocampus from Day 14-17 of life in the rat, a 
decrease in total cell number in the hippocampus, and a delay in hippo­
campal myelination (Winick, 1970), the PF group could be expected to 
show a deficit in LTM development. PF results have been inconsistent in
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the past, leading this investigator to suggest that further work should 
be done before concluding that LTM in PF animals is not affected.
Applications of Present Findings
In an attempt to apply present findings to humans, certain 
things must be considered. Rats have a later starting point in their 
schedule of neurological development than humans. Zinc deficiency from 
birth until weaning in the rat can be roughly equated to a similar depri­
vation in a human fetus beginning at about 18 weeks of gestation and 
ending several months after birth (Dobbing, 1974) . The rat experiences 
changes in CNS structure and function during the first months of life 
that are comparable to those occurring in man during the first years of 
life (Campbell & Spear, 1972). These changes, in both species, parallel 
the development of LTM. More evidence is needed to determine whether 
this CNS development is critical to LTM development, however.
Sandstead (1973) has identified pregnant women and neonates in 
the United States as two of the groups who may ingest marginal amounts 
of zinc. Though a decrement in plasma zinc during human pregnancy is an 
apparently normal phenomenon, an association between low plasma zinc con­
centration and complications of pregnancy, including fetal teratology, 
has been reported (Jamison, 1976). The human equivalent of postnatal ZD 
in the rat may be occurring, making results of the postnatal phase of 
this study take on added importance. The consequences of a delay in LTM 
development in human infants are not knoxm. If the delay is brief, it 
may not seriously interfere with an infant's development. , However, the 
present study involved severe ZD for a specified time period. In the
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human population, severe zinc deficiency seems unlikely while ZD seems 
possible over an extended period encompassing gestation, lactation and 
beyond. The result of that condition might be permanent injury to the 
brain, rather than a delay in development such as apparently occurred in 
the present study.
Well-documented cases of severe human ZD have been observed in 
Iran and Egypt (Prasad, 1967a; b). In these cases, the rehabilitation 
of certain physical characteristics (hypogonadism, dwarfism, skin dis­
orders) has been described. Intellectual effects, however, were not 
assessed.
In the United States, Tribble and Scoular (1954) analyzed the 
self-selected diets of 13 college women and found them to contain 9.8- 
14.4 mg zinc daily. Since requirements for zinc had not been estab­
lished, it was not possible for Tribble and Scoular to say whether this 
amount was adequate. A recommended dietary allowance (RDA) of 15.0 mg 
has since been established for zinc (American Medical Association, 1974; 
National Research Council, 1974) . The college women tested by Tribble 
and Scoular were ingesting less than this amount. However, it is a rec­
ommended amount, and not a minimum daily requirement.
Sandstead (1973) hypothesized that many modern Americans may be 
marginal in their consumption of zinc. Certain individuals, e.g., 
pubescent males, pregnant females, and neonates who are undergoing rapid 
growth require increased levels of zinc in their diets. Poor diet 
selection due to personal preference, life style, or cost factors can 
result in diets marginal in vitamin and mineral content (American Medi­
cal Association, 1974; Burk, 1961). If the individual consuming such a
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marginal diet has one of the physiological conditions which increases 
zinc requirements, that individual could become zinc deficient. Sand- 
stead identified the following as groups that are likely to encounter 
zinc deficiency: infants, pregnant women, teenage and college women, 
institutionalized people, and low income families. Added together, 
these groups constitute a sizeable portion of our population. Penning­
ton (1976) and Hambridge et al. (1972) identify zinc as a possible prob­
lem nutrient in American diets. They stress the need to know more about 
zinc. In a study of 22 teenage pregnant or postpartum girls in the San 
Francisco area, King, Cohenour, Calloway, and Jacobson (1972) found 73% 
of their diets to be low or marginal in zinc. The only unifying factor 
among the girls was a low income level.
Hess, King, and Margen (1977) presented results of their studies 
on zinc and oral contraceptives. They found that levels of serum and 
urinary zinc drop more rapidly during a period of zinc deficiency (35 
days with 0.17 mg zinc per day intake) in women who are using oral con­
traceptive agents than in a control group of those who are not. This 
relationship had previously been reported (Prasad, Oberleas, Lei, 
Moghissi, & Stryker, 1975). Women taking oral contraceptive agents are 
not currently being warned of this effect.
Zinc deficiency, therefore, is a problem directly relevant to 
our own society. As more people become economically unable to purchase 
red meat and seafood, x?hich are two of the best sources of dietary zinc 
(Burpo, Savage, & O'Dell, 1967; Underwood, 1971), this problem may esca­
late. Since organisms are quite tolerant of moderately increased 
dietary zinc levels (Schlicker & Cox, 1968; Underwood, 1971), it has
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been suggested that zinc supplementation may be a feasible procedure. 
Abelson (1969) suggested that commercial foods be enriched to combat the 
lack of vitamins and minerals in calorie-laden, low-cost foods. Diets 
high in cereal content, especially, would be improved by zinc supple­
mentation (Oberleas & Prasad, 1969). Mertz (1974) also expressed sup­
port for the enrichment and fortification of processed foods, at least 
to compensate for losses that occur during processing.
It is possible that zinc deficiency may effect not only the 
immediately-involved organism, but also the progeny of that organism. 
This type of multigenerational effect has been observed in protein- 
deficient animals (Bresler et al., 1975; Cowley & Griesel, 1959; Zamen- 
hof et al., 1972). Pregnant female rats were maintained on protein- 
restricted diets from one month prior to mating throughout gestation. 
Female offspring of these dams were normally fed to maturity. They were 
mated and their offspring were tested. Those animals showed signifi­
cantly lower cerebral DNA, cerebral protein, and cerebral weight, as 
well as learning deficits on successive reversal tasks (Bresler et al., 
1975). A far-reaching effect such as this, spanning two generations, is 
possible in any nutritional deficit. It is very difficult to ascertain 
all of the causal factors in such a situation.
Conclusion
Human behavior is the result of the interplay of many complex 
factors. Nutritional state is only one of these factors and, according 
to some scientists, not a major one (Habicht, 1974). If all members of 
the world community received adequate amounts of a well-balanced diet,
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then problems due to nutritional deficits would become academic. It is 
unfortunate that such is not the case now, and is not likely to be in 
the future (Citizen's Board of Inquiry into Hunger and Malnutrition in 
the United States, 1968; Coles, 1969; Joint ARC/MRC Committee on Food 
and Nutrition Research, 1974). Dando (1975, 1976) has studied famines 
of the past and predicts a change in the characteristics of future fam­
ines, which will be of longer duration, wider geographical extent, and 
increased lethality. He foresees the possibility of contrived famines, 
i.e., food shortages contrived by governing factions as political weap­
ons. Others (Mitchell, 1975; Simon & Simon, 1973; Toma, 1967) have com­
mented on the political nature of modern food distribution. Maintaining 
a healthy national economy often takes precedence over getting people 
properly fed (Mitchell, 1975). It would take a well-organized, world­
wide cooperative project to get food distributed to all who need it 
(Toma, 1967). Popkin (1969) has pointed out that the costs of a program 
of food distribution would be offset by the social benefits of a health­
ier population. Physical performance would be improved by better nutri­
tion. This, in turn, would increase worker productivity. Infant mor­
bidity and mortality would be decreased, and there would be savings in 
health care costs. Finally, and possibly most important, improved nutri­
tion would be expected to have intergenerational effects. Healthy par­
ents tend to have healthy children. That may be the turning point 
toward considerable reduction of mental retardation (Hurley, 1969).
Zinc is axi integral part of a balanced diet. Lack of zinc in 
the diet of suckling rats produced a delay in LTM development. A pair- 
fed control group established that starvation alone would not produce
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any deficit in LTM. ZD, per se, was responsible for the result. Fur­
ther research is needed to determine what the mechanism of zinc involve­
ment in LTM development is and whether the same phenomenon occurs in 
zinc deficient humans.
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